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Abstract: Visible light photocatalysis has become a powerful synthetic tool that can be used to 
promote various functional group transformations through the use of visible light as a green and 
traceless reagent. Recently, we have attempted to develop a reagent capable of promoting visible-
light prenylation. Prenylation is an essential reaction on which nature relies to modify properties of 
molecules and build terpenoids, but one which remains a challenging chemical reaction.  Aiming 
to capitalize on recent advances in photocatalysis to cleanly generate a broad range of carbon based 
radicals, we have developed a prenyl transfer reagent that can capture transiently generated radicals.  
The reagent can be made in bulk, is bench stable, and broadly applicable such that it can be used 
with existing photocatalytic methods with very few changes to reaction conditions.  In our next 
effort, we explored strategies to expand the scope of visible light mediated cross-couplings to alkyl 
halides.  While aryl halides have proven to be competent precursors to aryl radicals, the extreme 
reduction potentials of unactivated alkyl halides limit their generality as radical precursors in 
organic synthesis via photocatalysis. To circumvent this limitation, we leveraged alkyl halides 
tendency towards substitution to install a functional group more inclined towards electron transfer 
and ultimately fragmentation to generate benzylic radicals from a variety of benzyl halides that 
would be sluggish, inert, or incompatible with current visible light photoredox catalysis. Applying 
this strategy, we demonstrate the use of collidinium salts as new reagents for formation of C–C 
bond which highlights the mild reaction conditions and high functional group tolerance. Finally, 
we demonstrated the visible light mediated photocatalyst free selective debromination of activated 
poly-bromides in the presence of amines. This visible light mediated alkyl bromide and chloride 
synthesis is a particularly convenient synthetic approach when coupled to perhalogenation reactions 
from the literature. This selective defunctionalization effectively separates the problems of bond 
formation and reaction selectivity and facilitates the synthesis of organo-bromides and –chlorides. 
We found that these photochemical reductions rely either on the formation of an electron donor-
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The effect of the light on some chemical reactions has been known for many years. Photosynthesis, the 
quintessential example from nature, is the most fundamental example in which chlorophyll captures 
light energy and activates complex chemical reactions to convert CO2 and H2O into carbohydrate.1  
However, unlike chlorophyll which absorbs in the visible region, most simple organic molecules are 
colorless and can be photo-activated only by using relatively short wavelength, ultraviolet (UV) light. 
Irradiation of ultraviolet (UV) light to carry out organic reactions has a long history. In 1900, Giacomo 
Ciamician conducted experiments to study whether “light and light alone” would facilitate chemical 
reactions. Ciamician’s investigations are generally considered as the ground-breaking findings of 
modern synthetic photochemistry.2 From the late 1950s onwards, organic transformations utilized 
ultraviolet (UV) light had increased steadily.  Among them, Corey's synthesis of carophyllene alcohol,3 
Eaton's cubane synthesis,4 and Wender's synthesis of cedrene5 are some remarkable findings. However, 
working with ultraviolet (UV) light frequently limits the functional group tolerance and leads to 
undesired side reactions. Furthermore, it requires specialized and expensive glassware, poses health 
and safety concerns, and can be challenging to run on large scales.6 As a result, ultraviolet (UV) light-
mediated photochemistry has seen limited applications in organic synthesis.  To overcome challenges 
associated with ultraviolet (UV) light, photocatalysis has emerged as powerful synthetic tool that allows 
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various functional group transformations using visible light as a green and traceless reagent.7 As a 
result, over the last two decades, the field of visible light photocatalysis has grown exponentially and 
is proving remarkably effective at catalytically generating a variety of radicals under near ambient 
conditions, often resulting in reactions that are tolerant of functional groups.7 In addition to their use in 
organic synthesis, photocatalysts have been utilized in organic light-emitting diodes,8 dye-sensitized 
solar cells,9 polymer synthesis,10 and photodynamic therapy.11 However, in this discussion we focus on 
their used within organic synthesis. 
1.2 Discussion of photocatalysis 
In photocatalysis, a photocatalyst absorbs light in the visible region to give long-lived photoexcited 
states12 which can activate organic molecules by electron or energy transfer processes. While the 
excited states are very potent single-electron-transfer reagents, photocatalysts are generally poor single-
electron reductants and oxidants in the ground state.   Photocatalyst tris(2,2′-bipyridine) ruthenium(II), 
or Ru(bpy)32+ has been widely utilized in visible light-mediated organic transformations.7a In 1981, 
Pac13 reported Ru(bpy)32+ mediated photoreduction of electron deficient alkenes in the presence of 
stoichiometric reductant 1-benzyl-1,4-dihydronicotinamide. This is the first report regarding ruthenium 
photocatalyst mediated small organic molecule activation. Furthermore, Fukuzumi and co-workers14  
have described photocatalytic reduction of phenacyl halides utilizing the same catalyst. In 2008, 
MacMillian15 and Yoon16 have reported Ru(bpy)32+ employed α-alkylation of aldehydes and [2 + 2] 
cycloaddition, respectively. Shortly thereafter, Stephenson17 developed methodology to reductive 
dehalogenation of activated alkyl halides by the same catalyst. After these studies, organic 
transformations employed transition metal photocatalysts increased exponentially.   
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The well-investigated fac-tris(2-phenylpyridine) iridium(III), Ir(ppy)3 is also a widely used photoredox 
catalyst in organic synthesis. Its absorbs from 320 to 480 nm with a maximum absorption recorded at 
375 nm.18 After absorption of a visible light photon, an electron present in the t2g orbital of the metal 
is excited to a ligand-centered π* orbital which is the LUMO. This transition is called a metal to ligand 
charge transfer (MLCT). The MLCT singlet excited state rapidly undergoes intersystem crossing (ISC) 
to form the longer-lived lowest-energy triplet MLCT state which engages in single-electron transfer 
process. The longer lifetime of the triplet excited state of the photocatalyst is because its decay to the 
singlet ground state is spin forbidden process.12, 19 The photoexcited triplet species has the remarkable 
properties of being both oxidizing and reducing. 
The excited photocatalyst can return to the ground state either by oxidative or by reductive quenching 
pathway.7a In the oxidative quenching cycle, the *Ir(ppy)33+ serves as a reductant (E1/2 (IV)/(III)* = –
1.73 V vs SCE)20 and gives an electron to the electron acceptor (A) (scheme 1.1, upper half). The 
products formed after the single-electron-transfer event are the oxidized form of the photocatalyst 
Ir(ppy)34+ and the radical anion of A. This oxidized photocatalyst is a powerful oxidant (E1/2 (IV)/(III) 
= 0.77 V vs SCE) and may accept an electron from a donor (D). This electron transfer generates radical 
cation of D and returns the catalyst to the initial ground state completing the photocatalytic cycle. 
The excited photocatalyst *Ir(ppy)33+ behaves as an oxidant (E1/2(III)*/(II) = 0.31 V vs SCE)21 in the 
reductive quenching pathway (scheme 1.1, lower half). It accepts an electron from a donor (D) molecule 
to form the reduced species Ir(ppy)32+ and radical cation of D. The reduced Ir(II) intermediate is a strong 
reductant (E1/2(III)/(II) = –2.19 V vs SCE) and may donate an electron to an acceptor molecule (A) to 






Scheme 1.1 Oxidative and reductive quenching cycle of Ir(ppy)3 
 
1.3 The development of reactions and reagents to be used in visible light photocatalysis 
Among other things, our group has investigated strategies to utilize electron transfer to facilitate cross-
couplings.  More specifically, our group has looked at hard to functionalize C–F bonds22 as well as 
other important but problematic heterocycles23 that can be mediated via visible light photocatalysis. 
This process leads to odd electron species capable of various types of coupling and our group has 
explored conditions that allow the coupling of alkenes, aryl groups, alkynes and amines. Among these 
works, former group members found that 2-bromoazoles can produce the azolyl radical in the presence 
of an amine, photocatalyst Ir(ppy)3, and visible light. The generated azolyl radical undergoes smooth 
addition to unactivated π-bonds of alkenes to form alkylated azole product (scheme 1.2).23a The azolyl 
radical showed a strong preference for the less substituted terminus, and, to a lesser degree, the more 
electron rich terminus of the double bond. 
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 Scheme 1.2 Reductive alkylation of 2-bromoazole 
 
Apart from this, in a number of cases photocatalytically generated radicals have proven capable of 
undergoing addition to alkenes.24  Upon addition, a new alkyl radical intermediate is generated that has 
been oxidized,25 reduced,16 or subjected to hydrogen atom transfer (HAT)26 (scheme 1.3). Particularly, 
inherent selectivity is observed for the addition to the less substituted terminus of the double bond. 
Scheme 1.3 Visible light-mediated radical addition to alkene 
 
In this vein, a growing number of methods for the photocatalytic generation of different radicals have 
recently been disclosed.7  We became curious to know if we could use these methods to accomplish 
prenylation of various photocatalytically generated radicals.  In order to accomplish this, we hoped to 
identify a reagent that tolerates the photocatlytic reaction conditions, rapidly intercepts these radicals, 
and delivers the prenylated product as a result.  Based on the aforementioned literature, we believed 
that it should be possible to use an alkene to intercept the radical.  Our hope was that we could use one 
of the subsequent intermediates to install the double bond of the prenyl group.   
Prenylation is an important phenomena and nature prenylates proteins,27 indole alkaloids,28 
flavonoids,29 coumarins30 and other aromatics31 to effect a number of biological purposes, and has 
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resulted in demand for prenylated molecules. We posited that we could capitalize on the high inherent 
regioselectivity of radical addition to alkenes to design a prenylating reagent that could be used broadly 
as a drop in solution to previously developed photocatalytic reaction which generate radicals. 
Furthermore, the ideal prenyl transfer reagent should be easily handled, shelf stable, non-toxic, 
inexpensive, and easily separated from the product. After screening multiple prenylating reagents, we 
identified iso-prenyl sulfone as a general photocatalytic prenylation reagent.  We investigated its use in 
the visible light photocatalytic prenylation of 2-bromoazoles, iodoarenes, α-carbonyl alkyl bromides, 
thiols and anilines (via the insitu generated diazoniums). The reagent has demonstrated high functional 
group compatibility, proven bench stable, and is a crystalline solid that can be synthesized via allylation 
of benzene sulfinate followed by dimethylation in high yields. We anticipate that this reagent, along 
with rapid advancement of visible light photocatalysis will greatly expand prenylation efforts. 
The prenylation work relies on the ability of photocatalysis to generate radicals.  While aryl halides 
have often proven to be competent precursors to aryl radicals,32 the extreme reduction potentials of 
unactivated alkyl halides33  has often pushed them beyond the scope of current photocatalytic 
methodologies. Generating radicals from aryl halides is possible due to the relatively low-lying 
unoccupied pi-star orbitals of the aromatic system into which an electron is transferred. En route to 
radical formation, an intramolecular electron transfer (ET) to the C–X sigma* orbital takes place, 
allowing the critical mesolytic fragmentation which yields the halide ion and carbon centered radical.34  
The rate of this intramolecular ET is dependent on a number of factors, including the energy of the pi*-
orbitals, and electronic overlap with the fragmenting groups, among other factors.34b, 35  Practically 
speaking, useful rates of radical anion fragmentation are observed for ipso substituted halides, and alpha 
halo species, but drops with greater structural separation, and represents a real mechanistic limitation 
of radical anion fragmentation mechanism. This sensitivity to structure is particularly revealing in the 
case of alkyl halides in which the rate of fragmentation becomes highly dependent on the structure and 
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functional groups attached to the alkyl halide component.36  Thus, methods for the generation of alkyl 
radicals are highly important process because they can enable the formation of new C–C bonds.  
Recently, several diverse strategies have been explored to generate such alkyl radicals. Evolution of 
the photocatalyst structure aimed at pushing the reduction limits has been pursued by several groups 
(scheme 1.4a).37 Among them, photocatalysts of low-valent group 6 (Cr, Mo, W) with isocyanide 
complexes have shown appealing photophysical and redox attributes,37a, 37b and some success in 
photoredox transformations of difficult substrates.37b, 37c Alternatively, Leonori has recently proposed 
the use of alpha amino radicals to facilitate halogen atom transfer (scheme 1.4b).38  More relevant to 
this work, Melchiorre has identified a clever system that capitalizes on the electrophilicity of alkyl 
halides to be displaced by a nucleophilic chromophore (scheme 1.4c).39   




Encouraged by these findings, we have developed a conceptually related idea that capitalizes on the 
electrophilicity of alkyl halides but decouples the photon absorbing aspects of the catalyst from its 
nucleophilic aspects (scheme 1.4d).  Our objective was to identify a nucleophile that upon addition to 
the alkyl halide would become easily reducible, and could thus serve as the electron capturing 
component where the halide failed, and ultimately, level substrate reduction potentials.  We found that 
collidine as the optimal nucleophile. In chapter IV, we show that collidinium salts produced from the 
nucleophilic displacement of the halide by collidine can enable photoredox catalysis, not possible on 
the corresponding halide, to generate a range of alkyl radicals that can facilitate cross-couplings in a 
mild and efficient manner.  
In the chapter III, we explore the concept of molecular sculpting and its application to the selective 
production of alkyl halides via visible light mediated (photocatalyst free) dehalogenation. Such alkyl 
bromides and chlorides are found in natural products40 and play a central role in synthesis.41  
Consequently, efforts have focused on the development of mono-42 and enantio-43 selective 
halogenation.  Often the increased reactivity of the products leads to inseparable mixtures un-, mono-, 
and di-halogenated material.  Our group has approached the similar problem of organofluorine 
synthesis from an alternative direction,22 sculpting molecules by defluorinating poly- or per-fluorinated 
molecules to reveal the desired organofluorine left behind.  In this chapter, we apply this concept to the 
production of alkyl halides which effectively separate the problems of bond formation and reaction 
selectivity- facilitating the synthesis of organo-bromides and –chlorides.  
Recently, visible light-induced photocatalyst-free organic transformations have received considerable 
attention. As such, electron-donor–acceptor (EDA) complex-mediated reactions have played a critical 
role. An EDA complex is ground-state association between an electron-rich donor and an electron-poor 
acceptor.44  EDA complexes have been postulated to undergo electron-transfer event when irradiated 
by visible light which in certain instances lead to bond fission or fusion.45 Encouraged by the examples 
of successful reactions mediated by the photochemistry of EDA complexes, we studied the visible light 
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mediated selective debromination in the presence of amines. Further, we have shown that this visible 
light mediated alkyl bromide and chloride synthesis is a particularly convenient synthetic approach 
when coupled to perhalogenation reactions from the literature.  The photochemical reductions require 
no photocatalyst, relying instead on the formation of an electron donor-acceptor complex of the 
substrate and reductant, or as will be discussed, alternatively auto-photocatalysis- which is used to 
explain how some reactions proceed despite any apparent photon absorption.  Importantly, this work 
serves as a cautionary tale for other photochemical reactions involving amines-conditions common to 
photocatalysis.  
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A GENERAL PHOTOCATALYTIC ROUTE TO PRENYLATION 
 
2.1 Introduction 
Prenylation is an essential biological transformation that involves the introduction of a C5 isoprene unit 
into a molecule via reaction with isopentenyl pyrophosphate or dimethylallyl pyrophosphate (figure 
2.1).1 The isoprene unit is an important moiety in natural product terpenes which represent one of the 
largest and most diverse classes of natural products.2 The tremendous structural diversity of terpenes 
shows a wide range of biological properties2a,3 including pharmacological properties,4 primary 
constituents of essential oils of medicinal plants and flowers,5 and natural flavoring compounds in the 
food industry.6 The most common terpenes (figure 2.2) includes limonene (anti-inflammatory, 
antioxidant, and anticancer ),7 alpha-pinene (antibiotic resistance modulation, antitumor, anticoagulant, 
and antimicrobial),8 myrcene (sedative as well as motor relaxant effects),9 beta-caryophyllene 
(cardioprotective, hepatoprotective, immunomodulatory agent, and gastroprotective),10 terpinolene 
(antioxidant, and anticancer),11 and humulene (anti-inflammatory and analgesic properties).12 
Terpenoids have contributed to six major drug classes namely steroids, taxanes, tocopherols,  
artemisinins, ingenanes and cannabinoids.13 
In addition to terpenes, nature prenylates indole alkaloids,14 flavonoids,15 coumarins16 and other 
aromatics17(figure 2.3)  which have attracted attention in synthesis because of their unique anti-
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microbial, anti-oxidant, anti-inflammatory, anti-viral and anti-cancer properties.18  The structure of 
these prenylated arenes varies widely with respect to (1) the mode of addition of the prenyl group (linear 
or branched), (2) the position of the prenyl group (C-, N-, O-prenylation) and (3) the number of prenyl 
groups (mono-, di-, or triprenyl).19  Furthermore, once introduced, the prenyl unit can undergo chemical 
modification by cyclization, hydroxylation, oxidation and reduction to diversify the prenylation 
pattern.19a 
Figure 2.1 C5 isoprene units 
 





Figure 2.3 Prenylated natural products 
 
Given the number of prominent examples of prenylated molecules and similarity to allylation, it is 
tempting to assume prenylation is as well developed as allylation chemistry, which differs subtly by 
the replacement of the terminal methylene for a geminal dimethyl group.  However, the impact of this 
substitution should not be underestimated.  While remarkable progress (scheme 2.1) has been made, 
these methods20 are designed to be used with specific classes of substrates. 
Nature uses an enzyme called prenyl transferase to introduce prenyl groups into molecules (scheme 
2.1a).  This is a heavily studied and versatile biosynthetic pathway.20a While substantial effort has been 
made to exploit this pathway, indole prenyltransferases that prenylate at all possible positions of the 
indole ring 21 and several other aromatic prenyltransferases 22 have been discovered. So far, synthetic 
applications have been relatively limited to specific substrates. Among those, synthetic introduction of 
prenyl units to arenes has received considerable attention.  
Synthesis can take place via direct addition of prenyl unit to an arene or through a series of functional 
group transformations to achieve prenylation. Recently, transition-metal-catalyzed prenylation of aryl 
C–H bond with the support of directing group has been developed20b, 20c (scheme 2.1b). However, the 
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necessity of a directing group limits the scope of the C–H prenylation. Alternatively, transition-metal-
catalyzed cross-coupling of aryl halides and organoboron or organozinc as prenylating reagents20e, 20f 
(scheme 2.1c)  is one of the most general ways to introduce a prenyl group to prefunctionalized arenes 
(i.e. bromides and chlorides). However, controlling the regioisomerism of the prenylation has proven 
challenging in this transformation. Both the ligand of the transition-metal catalyst as well as the 
structure of the organometallic prenylating reagent employed impact the selectivity.23  





Owing to the complexity of direct prenylation, a more common practice is indirect prenylation (scheme 
2.1d) in which the substrate is first allylated and then subjected to cross-metathesis using isobutylene 
and Grubbs II catalyst to install the missing methyl groups.20g 24 N-heteroarenes are important motifs 
in pharmaceutical chemistry and their prenylation20i has been achieved through a Minisci cascade 
reaction using a new coupling reagent, potassium (3-hydroxy-3-methylbut-1-yl)trifluoroborate and 
subsequent acid-promoted dehydration sequence (scheme 2.1e). This circumvents the issue of radical 
addition to the alkene by masking the alkene during the radical addition and later revealing it through 
acid catalyzed dehydration.   
While useful, the application of the aforementioned methods to accomplish prenylation still have 
substantial limitations that leave much room for improvement in terms of scope expansion and general 
use. As such, prenyl units as electrophiles are prone to elimination, and as anions, prenylation can cause 
regioselectivity issues. Further, the prenyl radical might add selectively, however the addition to an 
arene is expected to be a highly endergonic process (scheme 2.2).25   
Scheme 2.2 Challenges associated with transferring a prenyl group 
 
2.2 Development of photocatalytic prenylation reactions 
Recently, visible light photocatalysis has proven effective at catalytically generating a variety of 
radicals under near ambient conditions, often resulting in useful reactions that are remarkably tolerant 
of functional groups.26  In a number of cases these photocatalytically generated radicals have proven 
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capable of undergoing addition to alkenes.27  Upon addition, a new alkyl radical is generated that can 
be oxidized,28 reduced,29 or subjected to hydrogen atom transfer (HAT)30 (scheme 2.3).   
Scheme 2.3 Visible light-mediated radical addition to alkene 
 
The literature shows that a number of unactivated alkenes can easily intercept photocatalytically 
generated radicals.31  Thus, we anticipated that a terminal methylene group of an isoprenyl molecule 
would undergo addition to the unsubstituted terminus with high selectivity.  Then, if the alkene were 
appropriately substituted with a leaving group capable of homolytic fragmentation it could out compete 
other competing processes, such as oxidation, reduction, and HAT and instead yield the key double 
bond. Thus, we set about trying to develop a reagent amenable to photocatalytic reactions, and capable 
of intercepting a diverse set of photocatlytically generated radicals. 
Substituted azoles are an important class of compounds found natural products and drugs.32 As such, 
the Weaver group has developed methodologies for the functionalization of azoles. 30a, 33 Previous 
members of the group30a, 33 demonstrated that 2-bromoazoles can lead to azolyl radicals in the presence 
of amine, photocatalyst, and visible light irradiation. Furthermore, that the generated azolyl radical 
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could be intercepted with an unactivated alkene to form a new C–C bond, and after HAT, an alkylated 
azole product (scheme 2.4).30a  
Scheme 2.4 Reductive alkylation of 2-bromoazole 
 
To accomplish general prenylation (scheme 2.3, below), we needed to identify a prenylating reagent 
that can facilitate prenylation in high yield and also be prepared from low cost and readily available 
starting materials.  In this sense, alcohols are cheap and readily accessible molecules that are ideal for 
the synthesis of reagents. We were attracted to the seminal work by Zard34 which provided key insight 
into how to accelerate the desired fragmentation.  Specifically, using thermally generated radicals from 
the homolysis of alkyl xanthate esters, he demonstrated their efficient addition to alkenes as well as 
their ability to undergo homolytic cleavage of the normally strong C−O bond. In order to transform 
allylic alcohols into radical trapping allylating reagents, we would need to indentify an X appendage 
(scheme 2.5), that would weaken the strong C−O bond.  We hypothesized that weakening this bond 
would accelerate beta fragmentation, allowing it to be used as a radical allylating (prenylating) 
reagent.34e  
Scheme 2.5 Allyl alcohol as a radical allylating agent 
 
We initiated screening of each prenylating reagent with 2-bromobenzothiazole in the presence of three 
equivalents of NBu3 (tributylamine), three equivalents of formic acid and five equivalents of the 
potential prenylating reagent and a catalytic amount of fac-Ir(ppy)3 (table 2.1).  Following the Zard’s 
25 
 
work, we started with isoprenyl alcohol derivatives (1a-1i, table 2.1).  Not surprisingly, groups 1a-1e 
are expected to have a relatively strong C–O bond, and provided very little of the prenylated product, 
2a.  Next, we moved to derivatives expected to have weaker C–O bonds. However, 1f and 1g did not 
provide product. The use of a pyridyl activating group (1h) which had been previously studied by 
Zard34a in lauroyl peroxide mediated transfer of xanthates to olefins gave full conversion and 53% yield. 
The mass balance was primarily accounted for by reduced azole. Further efforts to optimize the reaction 
using 1h did not increase the yield and we observed some [3,3] sigmatropic rearrangement of 1h.  Next, 
we looked at prenylating reagent 1i which was also recently developed by the Weaver group to allow 
the prenylation of fluorinated arenes under mild conditions.25d  However, in the case of 2-bromoazole, 
1i did not produce 2a in appreciable quantities. Attempts to use 1i failed to give any more than 2% 
prenylation with any of the substrate classes studied in this work. Therefore, 1i could not serve as a 
general prenylation source.   




In addition to allylic alcohol derivatives, radical allylation reactions have been carried out using allyl-
halides, -sulfones, -stannanes, –Co, and –Ga reagents.34c, 34e, 35  Again, the key feature among all these 
reagents is a relatively weak allyl–X bond which facilitates the homolytic fragmentation, or beta 
scission. We expanded our search to include sulfones (1j-1q), since the C–S bond of sulfones is 
relatively weak (for MeOH, C–O BDE = 91 kcal/mol while MeSH, C–S BDE = 73 kcal/mol).36 
Sulfones are also attractive because they are easily handled, generally shelf-stable, and can be easily 
elaborated via alkylation chemistry.  Zard34c has explored lauroyl peroxide mediated allylation of 
xanthate esters with α-substituted allylic alkyl sulfones, which suggests it should be possible to use 
sulfones (scheme 2.6) in concert with photocatalytic generation of radicals to accomplish prenylation.  
Furthermore, more recently Ollivier,37 Kamijo,38 Zhu,39 Chen40 and Flechsig41 have shown that 
photocatalytically generated radicals can react with a range of sulfonyl reagents which are capable of 
trapping radicals, suggesting that it might be possible to identify a prenyl transfer reagent capable of 
working under photocatalytic conditions.   
Scheme 2.6 Allylation with α-substituted allyl sulfone  
 
Thus, we synthesized and tested a library of isoprenyl sulfones (1j-1q).  Use of alkyl sulfone 1j resulted 
in trace conversion to the reduced azole 2a’.  In sharp contrast, aryl sulfones generally worked well.  
Aryl sulfones bearing electron donating methyl (1m) and methoxy (1n) substituents were found to give 
lower yields compared to phenyl sulfone (1k).  Moreover, phenyl sulfones having electron withdrawing 
fluorine substituents (1p) and (1q) or extended conjugation (1o) also exhibited comparatively lower 
yields.  Thus, we selected phenyl sulfone (1k) which gave the best yield, 75% of 2a, for further studies. 
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Reagent 1k is a bench stable, crystalline solid that can be made via allylation of benzene sulfinate, then 
in a chromatography free, telescoped fashion, dimethylated yielding the isolation of 1k in pure form in 
75-85%.yield (scheme 2.7).42 
Scheme 2.7 Synthesis of prenyl sulfones  
 
With prenylating reagent 1k in hand, we began exploring recently developed photocatalytic reactions.  
Using the same conditions developed for the hydroazolylation of alkenes43 and the C–H azolylation of 
arenes,44 along with the addition of reagent 1k in lieu of the original coupling alkene or arene partners, 
we attempted the prenylation of several bromoazoles (scheme 2.8).   
Scheme 2.8 Prenylation of azoles 
 
The prenyl transfer reagent 1k proved to be general, as the prenylated azoles (2a-2f) were obtained in 
60-78% yield.  The reduced azole, the result of HAT to the azolyl radical, accounted for the mass 
balance.  Importantly, the reaction displayed both perfect regioselectivity giving no branched product, 
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and displaying perfect chemoselectivity for the 2-Br, allowing other bromine and chlorine substituents 
(2c, 2d) to remain untouched.  The photocatalytic prenylation of 2-bromobenzimidazole was sluggish 
as was seen previously in the related alkylation reaction,33b and the reaction did not go to completion. 
Aryl diazonium salts have attracted attention as an excellent precursor of aryl radicals, in part, because 
of their facile reduction.45 Recently, König has demonstrated the visible light mediated, eosin Y 
catalyzed direct C–H arylation of heteroarenes with aryl diazonium salts via photocatalysis (scheme 
2.9a).28d  However, the use of diazonium salts can undermine the utility of the method because the shelf-
stability of diazonium salts can vary widely from substrate to substrate.  Furthermore, their use often 
raises significant safety concerns46 that might limit their applications on scale.  For this reason, Ranu 
has developed a method for the in situ generation of the diazonium salt from anilines and demonstrated 
their use within photocatalysis in the synthesis of organoselenides (scheme 2.9b).  In this reaction, tert-
butylnitrite converts the aryl amine into the diazonium salt which is consumed as it is made, and to 
some extent, helps circumvent some of the aforementioned issues with diazoniums.47   
Scheme 2.9 Ary radicals from aryl diazonium salts 
 
Thus, we inspected whether this method could be adapted to allow prenylation of aryl amines (scheme 
2.10). Indeed, the desired prenylated arene was formed as the major product in reasonable yield along 
with a minor amount of the reduced arene.  Further optimizations were carried out to improve the yields.  
The reaction worked well for arenes with electron withdrawing- (3a, 3b, 3e, 3f and 3g), and neutral-
groups (3c).  However, more electron rich aryl amines were somewhat sluggish and gave slightly 
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lowered yields (3h and 3j).  The mild reaction conditions are compatible with a wide range of functional 
groups such as a nitro, ester, cyano, bromide, chloride and carboxylic acid.  The broad functional group 
tolerance should facilitate further synthetic elaboration. 
Scheme 2.10 Prenylation of anilines 
 
Next, we looked at prenylation of aryl iodides. Unactivated carbon-iodide bonds have decidedly 
negative reduction potentials.  For example, the reduction potential of iodobenzene has been measure 
to be -1.59 V versus SCE.48  Stephenson49 and coworkers have introduced a protocol to generate radicals 
from unactivated alkyl, alkenyl and aryl iodide in the presence of fac-Ir(ppy)3 upon irradiation (scheme 
2.11).  In these cases, the radicals underwent hydrogen atom abstraction (HAT) or intramolecular 
cyclization.   




Based on their protocol, we looked at prenylation of aryl iodides using prenyl transfer reagent 1k 
(scheme 2.12). The standard conditions i.e. photocatalyst, N, N-diisopropylethylamine, formic acid, 
and aryl iodide were used along with 1k to give prenylated product in moderate to good yields.  Electron 
rich aryl iodides were more sluggish towards prenylation than electron deficient aryl iodide, potentially 
because of challenges associated with the initial electron transfer from the photocatalyst due to their 
extremely negative potentials.  As expected halogens49 lighter than iodide were tolerated in the reaction, 
(4c, and 4e) and should allow advanced synthetic manipulation.   
Scheme 2.12 Prenylation of aryl iodides 
 
Even a sterically hindered aryl iodide gave moderate amount of prenylated product (4d), highlighting 
the ability of the radical and the reagent to form sterically demanding bonds.  In fact, yields may have 
been higher, but the carbonates of 4d were somewhat unstable under the reaction conditions, as we 
observed some deprotection of carbonates during the reaction and made no attempt to optimize the 
reaction. 
Visible light promoted reductive dehalogenation50 and alkenylation28c reactions of α-carbonyl alkyl 




Scheme 2.13 Reductive dehalogenation alkyl halides 
 
Using conditions also developed by Stephenson,50 we attempted the prenylation of α-bromo carbonyls 
using reagent 1k (scheme 2.14).  Changing the photocatalyst from Ru(bpy)32+ to fac-Ir(ppy)3 and some 
minor tweaking of reaction conditions, made it is possible to obtain prenylated carbonyl products as 
the major product.  The acid 5a serves as a valuable precursor for many synthetic sequences,51 and this 
procedure should expedite access to this compound.  Additionally, the reaction works well for ketones 
(5b), esters (5c), and diesters (5d). 
Scheme 2.14 Prenylation of α-carbonyl bromides 
 
 
Among the different classes of substrates we have studied, there are assuredly mechanistic variations.  
However, a generic mechanism is outlined below (scheme 2.15).  All reactions begin with the 
irradiation of the photocatalyst to give an excited state catalyst (PC*).  From PC* single electron 
transfer (SET) to the halogenated (or pseudo-halogenated) substrate occurs, converting the 
photocatalyst to its more oxidized state which is then reduced by the sacrificial reductant.  Meanwhile, 
mesolytic fragmentation of the halide (or pseudo-halide) takes place and generates a carbon based 
radical. We recognize that in some cases reductive quenching of the photocatalyst may be operative, 
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but still results in an electron transfer to the halide which proceeds as described.  Addition of the 
photocatalytically generated radical to isoprenyl sulfone (1k) generates the β-sulfonyl radical.  Finally, 
beta fragmentation of a sulfinyl radical generates the key double bond, providing the prenylated aryl or 
alkyl product.   
Scheme 2.15 General mechanism 
 
 
The α-C−H bond of the amine radical cation is significantly weakened to an estimated bond dissociation 
energy ~ 42 kcal/mol.52 Phenylsulfinic acid  PhS(O)O−H has a bond dissociation energy ~ 77.2  
kcal/mol.53 Therefore, it is feasible that the sulfinyl radical abstracts a hydrogen atom from amine 
radical cation to generate sulfinic acid that can then be subsequently deprotonated by excess amine. 
During the prenylation reaction, we observed that some of 1k underwent a formal 1,3-rearrangement to 
form the thermodynamically more stable, linear, and non-productive prenylated sulfone. Uguen54 and 
coworkers have shown that allylic sulfones undergo allylic isomerization when treated with 
arenesulfinic acid. To study the isomerization of sulfones several experiments were performed (table 
2.2). A reaction was set up adding PhSO2Na to a solution of 1k in acetonitrile (entry 1) and we did not 
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observe any sulfone isomerization (iso-1k). PhSO2Na was less soluble in acetonitrile. A similar 
experiment was run in DMSO (rather than acetonitrile) which completely solubilized the PhSO2Na, 
however, no sulfone isomerization was observed (entry 2). Carrying out the reaction with PhSO2Na 
and HCOOH resulted complete isomerization of sulfone (entry 3). A Similar observation was noted 
when the reaction was carried out with NBu3 & HCOOH (1:1). The experimental outcomes reveal that 
in situ generated sulfinic acid is responsible for the isomerization of sulfone. Importantly, the rate of 
isomerization 1k increases with temperature (entry 7 & 8).   
Table 2.2 Isomerization of sulfone (1k) 
 
 
Zard and coworkers have observed sulfone isomerization in radical allylation with α-branched allyl 
sulfones (scheme 2.16).34c For instance, the reaction of xanthate 7 with α, α-dimethyl-allyl ethyl sulfone 
8 presence of lauroyl-peroxide under reflux condition was sluggish and resulted only 27% of the desired 
product 9 (Scheme 2.16). They observed the formation of a considerable amount of rearranged sulfone 
11 and proposed that this occurred by addition–fragmentation of ethylsulfonyl radicals with α, α-
dimethylallyl ethyl sulfone 8. The persistence of the ethyl-sulfonyl radicals in the reaction turns out to 
be a problem. Based on all evidences, we believe that both sulfinic acid and sulfinyl radical are 
causative agents for sulfone isomerization in our prenylation reactions. However, this issue can simply 
overcome by the addition of 1k to compensate for loss of the reactant due to isomerization. 
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Scheme 2.16 Allylation with α-substituted allyl sulfone reagents 
 
All the prenylation examples discussed thus far work by the generation of radicals via reductive 
fragmentation of the C–X bond. However, we believe the prenylation method should also be amenable 
to oxidatively generated radicals.  Thus, we looked at the one-electron photocatalytic oxidation of thiols 
described by Yoon55 and Ananikov56 to generate a thiol radical cation which mesolytically fragments 
into a proton and an electrophilic thiyl radical, which we believed would react with 1k to accomplish 
the prenylation of thiols. In this case, we used the similar conditions of photoredox thiol-yne click 
reaction developed by Ananikov (scheme 2.17).56 Indeed, the desired prenylated thiol was formed as 
the major product in high yield (scheme 2.18). In the control experiment, irradiation of the reaction 
mixture absent of Eosin Y, produced only 6% of the product within the same time frame. This suggests 
that 1k can also be expected to work with reactions that proceed through oxidative fragmentations.  
Scheme 2.17 Photoredox thiol–yne reaction 
 




Visible light photocatalysis conditions are often tolerant of various functional groups and the synthetic 
community continues to find new uses.  However, selectivity within photocatalytic pathways is less 
explored despite that many conditions are orthogonal, or rely on different phenomena.57 To demonstrate 
selective photocatalysis, we performed the prenylation of different photocatalytically active substrates 
by judicious choice of reaction conditions. We observed selective prenylation of CF3-aniline via 
selective reduction of the in situ generated diazonium by eosin Y (scheme 2.19, eqn 1).  Electron 
transfer from eosin Y to the bromo-ketone or the aryl iodide, would be endothermic, and consequently 
happens infrequently.  Similarly, use of a more reducing Ru(bpy)32+ (eqn 2) allows the reduction of the 
bromo-ketone but only very sluggishly reduces the aryl iodide, and does not affect the aniline.  We had 
hoped to accomplish prenylation of the aryl iodide (-1.59 V) 48 selectively over the bromo-ketone (-
0.78 V)58 via Marcus-selectivity.59 Electron transfer reactions are expected to slow when they become 
excessively thermodynamically favorable, a counterintuitive interplay of kinetics and thermodynamics 
termed the inverted region in Marcus theory. As such, we believed that SET to more easily reduced 
substrate (bromo-ketone) should become sluggish allowing SET to the less easily reduced substrate 
(aryl iodide) (eqn 3).  Indeed, we did observe a relative increase in the rate of consumption of the aryl 
iodide compared to the bromo-ketone, however, it was not synthetically useful.  One potential 
explanation for why we fail to see complete selectivity could simply be due to unselective electron 
transfer from the photocatalyst any electron acceptor, i.e. the iodide or the bromide. Another 
explanation could be that we did in fact selectively transfer the electron to the aryl iodide, but that 
radical anion of the aryl iodide undergoes exothermic SET to the bromo-ketone faster than mesolytic 
fragmentation of the iodide-masking Marcus selectivity. However, literature has reported that addition 
of an electron to an aryl iodide can result concerted bond cleavage rather formation of a radical anion, 
in which case the latter argument seems less likely.60 Nonetheless, it is still remarkable to see that the 
relative preference for the more easily reduced bromide is significantly lessened, and suggests that 
Marcus selectivity may still find applications in other systems. 
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Scheme 2.19 Navigating photocatalysis 
 
2.3 Summary 
Prenylation is an essential reaction on which nature relies to modify properties of molecules and build 
terpenoids, but remains a challenging chemical reaction.  We have developed a visible light photoredox-
mediated, efficient and general method for prenylation of 2-bromo-azoles, aryl iodides, α-bromo-
carbonyls, anilines via in situ generated diazoniums using bench stable, and easy to handle iso-prenyl 
sulfone, 1k.  We anticipate that this reagent, along with rapid advancement of visible light 







2.4 Experimental section 
All reagents were obtained from commercial suppliers (Aldrich, VWR, TCI Chemicals, and Oakwood 
Chemicals) and used without further purification unless otherwise noted. Acetonitrile (CH3CN) was 
dried over molecular sieves.  Diisopropylethylamine was distilled and stored over KOH pellets. 
Photocatalysts fac-tris(2-phenylpyridine) iridium(III), Ir(ppy)3 and all other iridium photocatalysts 
were synthesized according to the literature procedure.61 Eosin Y was purchased from VWR.  
Reactions were monitored by thin layer chromatography (TLC), (obtained from sorbent technology 
Silica XHL TLC Plates, w/UV254, glass backed, 250 µm, 20 x 20 cm) and were visualized with 
ultraviolet light, potassium permanganate stain, GC-MS (QP 2010S, Shimadzu equipped with auto 
sampler) and 1H NMR. Isolations were carried out using Teledyne Isco Combiflash Rf 200i flash 
chromatograph with Redisep Rf normal phase silica (4 g, 12 g, 24 g, 40 g) with product detection at 
254 and 288 nm and by ELSD (evaporative light scattering detection). Some isolations were performed 
using Sorbent Technology Silica Prep TLC Plates, w/UV254, glass backed, 1000 μm, 20 x 20 cm, and 
were visualized with ultraviolet light.  NMR spectra were obtained on a 400 MHz Bruker Avance III 
spectrometer and 400 MHz Unity Inova spectrometer.  1H and 13C NMR chemical shifts are reported 
in ppm relative to the residual protio solvent peak (1H, 13C).  
Photocatalytic reactions were set up in a light bath as described below.  Blue LEDs (in the form of 
strips i.e., 18 LEDs/ft from Solid Apollo) were wrapped around the walls of glass crystallization dish 
and secured with masking tape and then wrapped with aluminum foil.  A lid which rest on the top was 
fashioned from cardboard and holes were made such that reaction tubes were held firmly in the 
cardboard lid which was placed on the top of bath.  Water was added to the bath such that the tubes 
were submerged in the water which was maintained at 45 oC with the aid of a sand bath connected to a 
thermostat. In some cases, the same light bath set up was used with water in it which was maintained 






Synthesis of Substrates 
General procedure A for synthesis of 2-bromothiazoles and 2-bromobenzothiazoles30a 
 
The aminoazole (9.5mmol, 1.0 equiv) and CuBr2 (14.5 mmol, 1.5 equiv) in MeCN (48 mL) was added 
to a round bottom flask and cooled to 0 oC under argon.  Next, tert-butyl nitrite (14.5 mmol, 1.5 equiv.) 
was added drop wise to the reaction flask.  The reaction mixture was stirred at 0 oC for 1 h and then at 
room temperature until full consumption of the starting material.  The reaction was monitored by TLC.  
After consumption of the starting material, the mixture was diluted with H2O (15 mL) and acidified 
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with 12 N HCl (until pH<1 by indicator paper) then extracted with CH2Cl2 (3×20 mL).  The organic 
layers were combined and dried with MgSO4.  The crude product was concentrated in vacuo and 
purified via normal phase chromatography. 
 
The general procedure A was followed using benzothiazol-2-amine (3.00 g, 20.0 
mmol), tert-butyl nitrite (3.09 g, 3.57 mL, 30.0 mmol), CuBr2 (6.70 g, 30.0 mmol) and 
100 mL of MeCN to afford 2-bromobenzo[d]thiazole in 65% yield after isolation (2.78 g, 13.0 mmol) 
as a light orange solid.  The substrate was purified via automated flash chromatography using EtOAc 
in hexanes (0% to 100%) with product eluting at 8% on a 120 g silica column. 
 
The general procedure A was followed using 4,6-difluorobenzothiazol-2-amine 
(500 mg, 2.29 mmol), tert-butyl nitrite (416.09 mg, 0.48 mL, 4.04 mmol), CuBr2 
(901.3 mg, 4.04 mmol) and 12 mL of MeCN to afford 2-bromo-4,6-difluorobenzo[d]thiazole in 68% 
yield after isolation (390.1 mg, 1.56 mmol) as a white solid.  The substrate was purified via automated 
flash chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 10% on 24 g silica 
column. 
 
The general procedure A was followed using 4-chlorobenzothiazol-2-amine (500 mg, 
2.71 mmol), tert-butyl nitrite (419.7 mg, 0.48 mL, 4.07 mmol), CuBr2 (909.1 mg, 4.07 
mmol) and 14 mL of MeCN to afford 2-bromo-4-chlorobenzo[d]thiazole in 52% yield after isolation 
(350 mg, 1.41 mmol) as a white solid.  The substrate was purified via automated flash chromatography 




General procedure B for synthesis of allyl sulfones 
 
To a solution of sodium benzenesulphinate (61 mmol, 1 equiv) in DMSO (100 mL) stirring at room 
temperature, was added allyl bromide (67.1 mmol, 1.1 equiv). The reaction mixture was stirred at room 
temperature. The reaction was monitored by TLC.  When TLC indicated the reaction was complete, 
the reaction mixture was poured into a separating funnel containing ethyl acetate (100 mL) which 
caused the precipitation of sodium bromide as white crystals. Water (200 mL) was added and the layers 
separated. The aqueous layer was extracted with ethyl acetate (3 x 100 mL) and combined organic 
layers were washed with water (2 x 100 mL), brine (100 mL), and then dried (MgSO4). The solvent 
was removed under reduced pressure to give the product.  
 
Allyl phenyl sulfone was prepared by general procedure B. To a solution of sodium 
benzenesulphinate (20 g, 122 mmol) in DMSO (200 mL) stirring at room 
temperature, was added allyl bromide (16.2 g, 11.6 mL, 134 mmol). The reaction mixture was stirred 
at room temperature for 6 h. After workup, the product (crude yield = 98%) was isolated as a pale 
yellow oil.  




A stirred mixture of sulfonyl chloride (10 mmol, 1 equiv), sodium bicarbonate (20 mmol, 2 equiv), and 
sodium sulfite (19 mmol, 1.9 equiv) was heated in water (12 mL) at 100 °C for 3 h. The reaction was 
cooled to ~ 50 °C, treated with (n-Bu)4NBr (0.62 mmol, 0.062 equiv) and allyl bromide (30 mmol, 3 
equiv) and heated at 70 °C for 8 h. The reaction was cooled, treated with water (10 mL) and extracted 
with dichloromethane (3 × 15 mL). The extracts were combined and dried with MgSO4, concentrated 
in vacuo and chromatographed on silica gel using ethyl acetate/hexanes to afford allyl sulfone.  
 
1-(allylsulfonyl)-4-methylbenzene was prepared by general procedure C. To a 
solution of 4-methylbenzenesulfonyl chloride (3.6 g, 18.9 mmol) in H2O (23 mL) 
was added sodium bicarbonate (3.18 g, 37.8 mmol) and sodium sulfite (4.52 g, 35.9 mmol). The 
reaction mixture was heated at 100 °C for 3 h. Then treated with (n-Bu)4NBr (377.8 mg, 1.17 mmol) 
and allyl bromide (6.9 g, 5 mL, 56.7 mmol) and heated at 70 °C for 8 h. The crude was purified via 
automated flash chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 19% 
on 40 g silica column to afford the product in 80% yield (2.97 g, 15.12 mmol) as a white solid. 
 
2-(allylsulfonyl)-1,3,5-trimethylbenzene was prepared by general procedure C. To 
a solution of 2,4,6-trimethylbenzenesulfonyl chloride (6.78 g, 31.1 mmol) in H2O 
(38 mL) was added sodium bicarbonate (5.2 g, 62.2 mmol) and sodium sulfite (7.43 g, 59 mmol). The 
reaction mixture was heated at 100 °C for 3 h. Then treated with (n-Bu)4NBr (621.6 mg, 1.92 mmol) 
and allyl bromide (11.3 g, 8 mL, 93.3 mmol) and heated at 70 °C for 8 h. The crude material was 
purified by flash chromatography using EtOAc in hexane (0% to 100%) with product eluting at 8% on 
a 40 g silica column to the product in 65% yield (4.5 g, 20.06 mmol) as a white solid. 
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2-(allylsulfonyl)naphthalene was prepared by general procedure C. To a 
solution of naphthalene-2-sulfonyl chloride (3.6 g, 15.9 mmol) in H2O (19 mL) 
was added sodium bicarbonate (2.67 g, 31.8 mmol) and sodium sulfite (3.8 g, 30.2 mmol). The reaction 
mixture was heated at 100 °C for 3 h. Then treated with (n-Bu)4NBr (317.8 mg, 0.99 mmol) and allyl 
bromide (5.8 g, 2.3 mL, 26.5 mmol) and heated at 70 °C for 8 h. The crude material was purified by 
flash chromatography using EtOAc in hexane (0% to 100%) with product eluting at 10% on a 40 g 
silica column to afford the product in 73% yield (2.7 g, 11.62 mmol) as a white solid. 
 
1-(allylsulfonyl)-4-methoxybenzene was prepared by general procedure C. To 
a solution of 4-methoxybenzenesulfonyl chloride (3.0 g, 14.52 mmol) in H2O 
(18 mL) was added sodium bicarbonate (2.44 g, 29.04 mmol) and sodium sulfite (3.48 g, 27.6 mmol). 
The reaction mixture was heated at 100 °C for 3 h. Then treated with (n-Bu)4NBr (290.2 mg, 0.9 mmol) 
and allyl bromide (5.3 g, 3.8 mL, 43.6 mmol) and heated at 70 °C for 8 h. The crude material was 
purified by flash chromatography using EtOAc in hexane (0% to 100%) with product eluting at 20% 
on a 40 g silica column to afford the product in 71% yield (2.19 g, 10.31 mmol) as a white solid. 
 
1-(allylsulfonyl)-4-fluorobenzene was prepared by general procedure C. To a 
solution of 4-fluorobenzenesulfonyl chloride (3.5 g, 18 mmol) in H2O (22 mL) 
was added sodium bicarbonate (3.02 g, 36 mmol) and sodium sulfite (4.3 g, 
34.2 mmol). The reaction mixture was heated at 100 °C for 3 h. Then treated with (n-Bu)4NBr (356.8 
mg, 1.12 mmol) and allyl bromide (6.5 g, 4.7 mL, 54 mmol) and heated at 70 °C for 8 h. The crude 
material was purified by flash chromatography using EtOAc in hexane (0% to 100%) with product 




2-(allylsulfonyl)-1,3-difluorobenzene was prepared by general procedure C. To a 
solution of 2,6-difluorobenzenesulfonyl chloride (3.0 g, 14.1 mmol) in H2O (17 mL) 
was added sodium bicarbonate (2.37 g, 28.2 mmol) and sodium sulfite (3.38 g, 26.8 mmol). The 
reaction mixture was heated at 100 °C for 3 h. Then treated with (n-Bu)4NBr (281.8 mg, 0.87 mmol) 
and allyl bromide (5.1 g, 3.7 mL, 42.3 mmol) and heated at 70 °C for 8 h. The crude material was 
purified by flash chromatography using EtOAc in hexane (0% to 100%) with product eluting at 8% on 
a 40 g silica column to afford the product in 67% yield (2.06 g, 9.45 mmol) as a white solid. 
 
3-(isopropylsulfonyl)prop-1-ene was prepared by general procedure C. To a solution of 
propane-2-sulfonyl chloride (4.4 g, 3.48 mL, 30.9 mmol) in H2O (37 mL) was added 
sodium bicarbonate (5.19 g, 61.8 mmol) and sodium sulfite (7.4 g, 58.7 mmol). The reaction mixture 
was heated at 100 °C for 3 h. Then treated with (n-Bu)4NBr (617.6 mg, 1.92 mmol) and allyl bromide 
(11.2 g, 8 mL, 92.7 mmol) and heated at 70 °C for 8 h. After workup, the product was isolated as a 
colorless oil in 85% crude yield (3.9 g, 26.27 mmol). 
General procedure D for synthesis of iso-prenylated sulfones63 
 
A solution of allylic sulfone (10 mmol, 1 equiv) in dry THF (50 mL) was cooled to -78 oC. 1.6 M n-
butyllithium solution in hexane (22 mmol, 2.2 equiv.) was added dropwise via syringe under argon, 
and the colorless solution became yellow-orange. The reaction mixture was maintained at -78 oC and 
stirred for a further 1 h. Then, methyl iodide (80 mmol, 8 equiv.) was added dropwise via syringe and 
the resulting mixture was stirred at -78 oC for further 3 h. Then the temperature was raised to -30 oC 
and stirred for a further 30 min. Aqueous sodium bicarbonate solution was added to quench the reaction 
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and extracted with diethyl ether and washed with water and brine. The organic extracts were combined 
and dried with MgSO4. The solvent was removed under reduced pressure to give methylated sulfone 
and purified via normal phase chromatography. 
 
3-(tert-butylsulfonyl)-3-methylbut-1-ene (1j) was prepared by general procedure D. To 
a solution of 3-(isopropylsulfonyl)prop-1-ene (1.0 g, 6.7 mmol) in dry THF (33 mL) at 
-78 oC was added 1.6 M n-butyllithium solution in hexane (9.2 mL, 14.7 mmol). After 1 h stirring, 
methyl iodide (7.6 g, 3.3 mL, 53.6 mmol) was added and the resulting mixture was stirred at -78 oC for 
a further 3 h. Then the temperature was raised to -30 oC and stirred for a further 30 min. The crude 
material was purified by flash chromatography using EtOAc in hexane (0% to 100%) with product 
eluting at 14% on a 24 g silica column to afford the product in 55% yield (0.7 g, 3.7 mmol) as a colorless 
liquid.  
 
((2-methylbut-3-en-2-yl)sulfonyl)benzene (1k) was prepared by general procedure 
D. To a solution of (allylsulfonyl)benzene (5.0 g, 27.5 mmol) in dry THF (130 mL) 
at -78 oC was added 1.6 M n-butyllithium solution in hexane (38 mL, 60.4 mmol). After 1 h stirring, 
methyl iodide (31.2 g, 14 mL, 219.6 mmol) was added and the resulting mixture was stirred at -78 oC 
for a further 3 h. Then the temperature was raised to -30 oC and stirred for a further 30 min. The crude 
material was purified by flash chromatography using EtOAc in hexane (0% to 100%) with product 





1-methyl-4-((2-methylbut-3-en-2-yl)sulfonyl)benzene (1l) was prepared by 
general procedure D. To a solution of 1-(allylsulfonyl)-4-methylbenzene (1.0 g, 
5.1 mmol) in dry THF (25.5 mL) at -78 oC was added 1.6 M n-butyllithium solution in hexane (7 mL, 
11.22 mmol). After 1 h stirring, methyl iodide (5.79 g, 2.5 mL, 40.8 mmol) was added and the resulting 
mixture was stirred at -78 oC for a further 3 h. Then the temperature was raised to -30 oC and stirred for 
a further 30 min. The crude material was purified by flash chromatography using EtOAc in hexane (0% 
to 100%) with product eluting at 4% on a 24 g silica column to afford the product in 85% yield (0.97 
g, 4.34 mmol) as a white solid.  
 
1,3,5-trimethyl-2-((2-methylbut-3-en-2-yl)sulfonyl)benzene (1m) was prepared 
by general procedure D. To a solution of 2-(allylsulfonyl)-1,3,5-trimethylbenzene 
(1.0 g, 4.5 mmol) in dry THF (22.5 mL) at -78 oC was added 1.6 M n-butyllithium solution in hexane 
(6.2 mL, 9.9 mmol). After 1 h stirring, methyl iodide (5.11 g, 2.2 mL, 36 mmol) was added and the 
resulting mixture was stirred at -78 oC for a further 3 h. Then the temperature was raised to -30 oC and 
stirred for a further 30 min. The crude material was purified by flash chromatography using EtOAc in 
hexane (0% to 100%) with product eluting at 5% on 24 g silica column to afford the product in 75% 
yield (0.85 g, 3.38 mmol) as a white solid.  
 
1-methoxy-4-((2-methylbut-3-en-2-yl)sulfonyl)benzene (1n) was prepared by 
general procedure D. To a solution of 1-(allylsulfonyl)-4-methoxybenzene (1.0 
g, 4.7 mmol) in dry THF (23.5 mL) at -78 oC was added 1.6 M n-butyllithium solution in hexane (6.5 
mL, 10.3 mmol). After 1 h stirring, methyl iodide (5.3 g, 2.3 mL, 37.6 mmol) was added and the 
resulting mixture was stirred at -78 oC for a further 3 h. Then the temperature was raised to -30 oC and 
stirred for a further 30 min. The crude material was purified by flash chromatography using EtOAc in 
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hexane (0% to 100%) with product eluting at 7% on a 24 g silica column to afford the product in 70% 
yield (0.79 g, 3.3 mmol) as a white solid.  
 
2-((2-methylbut-3-en-2-yl)sulfonyl)naphthalene (1o) was prepared by general 
procedure D. To a solution of 2-(allylsulfonyl)naphthalene (1 g, 4.3 mmol) in 
dry THF (21.5 mL) at -78 oC was added 1.6 M n-butyllithium solution in hexane (5.9 mL, 9.46 mmol). 
After 1 h stirring, methyl iodide (4.88 g, 2.1 mL, 34.4 mmol) was added and the resulting mixture was 
stirred at -78 oC for a further 3 h. Then the temperature was raised to -30 oC and stirred for a further 30 
min. The crude material was purified by flash chromatography using EtOAc in hexane (0% to 100%) 
with product eluting at 3% on a 24 g silica column to afford the product in 60% yield (0.67 g, 2.58 
mmol) as a white solid.  
 
1-fluoro-4-((2-methylbut-3-en-2-yl)sulfonyl)benzene (1p) was prepared by 
general procedure D. To a solution of 1-(allylsulfonyl)-4-fluorobenzene (1.2 g, 6 
mmol) in dry THF (30 mL) at -78 oC was added 1.6 M n-butyllithium solution in hexane (8.3 mL, 13.2 
mmol). After 1 h stirring, methyl iodide (6.8 g, 3 mL, 48 mmol) was added and the resulting mixture 
was stirred at -78 oC for a further 3 h. Then the temperature was raised to -30 oC and stirred for a further 
30 min. The crude material was purified by flash chromatography using EtOAc in hexane (0% to 100%) 
with product eluting at 1% on a 24 g silica column to afford the product in 65% yield (0.89 g, 3.9 mmol) 
as a white solid.  
 
1,3-difluoro-2-((2-methylbut-3-en-2-yl)sulfonyl)benzene (1q) was prepared by 
general procedure D. To a solution of 2-(allylsulfonyl)-1,3-difluorobenzene (1.0 g, 
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4.6 mmol) in dry THF (23 mL) at -78 oC was added 1.6 M n-butyllithium solution in hexane (6.3 mL, 
10.1 mmol). After 1 h stirring, methyl iodide (5.2 g, 2.3 mL, 36.8 mmol) was added and the resulting 
mixture was stirred at -78 oC for a further 3 h. Then the temperature was raised to -30 oC and stirred for 
a further 30 min. The crude material was purified by flash chromatography using EtOAc in hexane (0% 
to 100%) with product eluting at 0.3% on a 24 g silica column to afford the product in 60% yield (0.68 
g, 2.76 mmol) as a white solid.  
Synthesis of prenylating reagents from 2-methylbut-3-en-2-ol 
2-methylbut-3-en-2-yl acetate (1b) was prepared according to the following method. 2-
methylbut-3-en-2-ol (2.5 mL, 25.1 mmol), triethylamine (13.3 mL, 95.7 mmol), DMAP 
(25 mg, 0.20 mmol) and dry DCM (13 mL) were added in to a flame dried 100 mL flask. The flask was 
cooled in an ice bath and acetic anhydride (9 mL, 95.7 mmol) was added dropwise. The resulting 
solution was stirred under argon at room temperature until TLC analysis showed no remaining starting 
material. The reaction was quenched with water and washed with NaHCO3 (2 x 100 mL), 10% NaOH 
(2 x 100 mL), brine (100 mL), and dried with MgSO4. Solvent was removed in vacuo and crude product 
was obtained as a slightly yellow oil which was distilled (130-150 °C at 760 mmHg) to yield 68%. 
 
2-methylbut-3-en-2-yl methanesulfonate (1c) was prepared according to the following 
method. To a solution of 2-methylbut-3-en-2-ol (4.3 mL, 41.6 mmol) and 
triethylamine (8 mL, 57.4 mmol) at -30 oC in DCM (75 mL) was added methanesulfonyl chloride (5.7 
g, 50 mmol) dropwise. After 45 min at -30 oC the slurry was warmed to room temperature and was 
transferred to a separatory funnel with ice/water (20 mL) and the organic layer was separated. The 
aqueous layer was extracted with DCM (3 x 10 mL) and the combined organic layers dried over MgSO4 
and concentrated in vacuo to afford crude product to yield 4.6 g, 67 %.  
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ethyl (2-methylbut-3-en-2-yl) carbonate (1d) was prepared according to the 
following method. To a solution of 2-methylbut-3-en-2-ol (1.7 mL, 16.64 mmol) 
and pyridine (2 mL, 25 mmol) in benzene (50 mL), ethyl chloroformate (2.1 mL, 21.63 mmol) was 
added slowly over 10 min at 0 °C. The reaction mixture was stirred for 3 h at room temperature and 
quenched with aq. NH4Cl (30 mL). The mixture was diluted with ethyl acetate (40 mL) and the 
combined organic phase was washed with water and brine, dried over MgSO4, and concentrated in 
vacuo. The crude material was purified by flash chromatography using EtOAc/ hexane 1:3 as a 
yellowish oil, yield 2.2 g, 84%.  
 
Dimethyl (2-methylbut-3-en-2-yl) phosphate (1e) was prepared according to the 
following method. Dimethyl phosphorochloridate (7.225 g, 50 mmol) was added to 
a solution of 2-methyl-3-buten-2-ol (3.876 g, 45 mmol) and pyridine (4 mL) in dichloromethane (50 
mL) at 0 oC for 5 min. The resulting white slurry was stirred for 6 h at room temperature. The reaction 
mixture was diluted with diethyl ether and washed successively with 10 % HCl, saturated aqueous 
NaHCO3 and brine. The organic layer was dried over anhydrous MgSO4. After removal of the solvent 
in vacuo, the crude product was purified by column chromatography hexane/EtOAc 95:5 to yield 5.6 
g, 65 %. 
 
2-((2-methylbut-3-en-2-yl)oxy)tetrahydro-2H-pyran (1f) was prepared according to 
the following method. To a solution of 2-methylbut-3-en-2-ol (0.9 mL, 9 mmol) in 
DCM (35 mL) 2,3-dihydro-4H-pyran (0.8 mL, 9 mmol) and trifluoroacetic acid (0.1 mL, 1.8 mmol) 
were added. The reaction was stirred at room temperature and monitored by TLC. After completion of 
the reaction, it was quenched with NaHCO3 and extracted with DCM. The organic phase was washed 
with water and brine, dried over MgSO4, and concentrated in vacuo. The crude material was purified 
by flash chromatography using hexane/ EtOAc 99:1 as a colorless oil, yield 1.07 g, 70%.  
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3-((2-methylbut-3-en-2-yl)oxy)cyclohex-2-en-1-one (1g) was prepared according 
to the following method. To a solution of 2-methylbut-3-en-2-ol (3.1 mL, 29.7 
mmol) in DCM (75 mL) 1, 3-cyclohexanedione (4 g, 35.7 mmol) and nitric acid 
(0.92 mL, 14.9 mmol) were added. The reaction was stirred at room temperature and monitored by 
TLC. After completion of the reaction, it was quenched with NaHCO3 and extracted with DCM. 
Organic phase was washed with water and brine, dried over MgSO4, and concentrated in vacuo. The 
crude material was purified by flash chromatography using hexane/ EtOAc 90:10 as a colorless oil, 
yield 3.2 g, 60%. 
 
2-fluoro-6-((2-methylbut-3-en-2-yl)oxy)pyridine (1h) was prepared according to 
the following method.34a 2,6-difluoropyridine (3.1 mL, 34.4 mmol) was added to 
a solution of 2-methyl-3-buten-2-ol (3 mL, 28.7 mmol), and NaH (0.89 g, 37.3 mmol) in THF (25 mL) 
at room temperature. The resulting solution was stirred for 8 h. The reaction mixture was quenched 
with water, diluted with diethyl ether and washed with brine. The organic layer was dried over 
anhydrous MgSO4. After removal of the solvent in vacuo, the crude product was purified by column 
chromatography hexane/EtOAc 95:5 to yield 3.8 g, 75 %. 
 
Benzene, [(1,1-dimethyl-2-propenyl)oxy]pentafluoro (1i) was prepared 
according to the following method.5 Hexafluorobenzene (0.37 mL, 3.1 mmol) was 
added to a solution of 2-methyl-3-buten-2-ol (0.4 mL, 3.83 mmol), and NaH (0.12 
g, 4.37 mmol) in THF (10 mL) at room temperature. The resulting solution was stirred for 8 h. The 
reaction mixture was quenched with water, diluted with diethyl ether and was washed with brine. The 
organic layer was dried over anhydrous MgSO4. After removal of the solvent in vacuo, the crude 




Optimization of Photocatalytic Prenylation: 
 

































































Photocatalytic Prenylation  
General procedure E for the photocatalytic prenylation of 2-bromoazoles with prenyl sulfone (limiting 
azole)  
 
A 12×75 mm borosilicate tube fitted with a rubber septum was charged with fac-tris(2-phenyl 
pyridinato-C2, N) Iridium(III) (Ir(ppy)3) (0.6 mM, 0.6 mL in MeCN), 2-bromoazoles (0.12 mmol, 1 
equiv), tributylamine (0.36 mmol, 85.6 μl, 3 equiv) , formic acid (0.36 mmol, 13.6 μl, 3 equiv) and ((2-
methylbut-3-en-2-yl)sulfonyl)benzene (1k) ( 0.6 mmol, 126.2 mg, 5 equiv). Then the reaction mixture 
was degassed via Ar bubbling for 10 min and then left under positive Ar pressure by removing the exit 
needle.  The tube was placed in a light bath (description above) and the lower portion of the tube was 
submerged under the water bath which was maintained at 45 oC.  The reaction was monitored by TLC 
and GC-MS.  After the complete consumption of 2-bromoazoles, MeCN was removed via rotovap and 
the residue was treated with sat. NaHCO3 solution (2 mL) and extracted with DCM (3 x 2 mL).  The 
organic portions were combined and dried over anhydrous MgSO4.  The crude product was 
concentrated in vacuo and purified via normal phase chromatography. 
 
2a 2-(3-methylbut-2-en-1-yl)benzo[d]thiazole 
The general procedure E was followed using 2-bromobenzo[d]thiazole (25.7 mg, 
0.12 mmol), tributylamine (85.6 μl, 0.36 mmol), formic acid (13.6 μl, 0.36 
mmol), ((2-methylbut-3-en-2-yl)sulfonyl)benzene (126.2 mg, 0.6 mmol) and 0.6 mL of stock solution 
of Ir(ppy)3 in MeCN. After the completion of the reaction 23 h, the crude was purified via automated 
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flash chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 3% on a 4 g silica 
column to afford 2a in 70% yield (17 mg, 0.084 mmol) as an oil. 1H NMR (400 MHz, CDCl3) δ 7.96 
(d, J = 8.2 Hz, 1H), 7.82 (d, 1H), 7.44 (td, J = 8.3, 7.3, 1.2 Hz, 1H), 7.33 (td, 1H), 5.56 – 5.47 (m, 1H), 
3.83 (d, J = 7.4 Hz, 2H), 1.81 (s, 3H), 1.76 (s, 3H).13C NMR (101 MHz, CDCl3) δ 172.9, 153.7, 137.1, 
135.7, 126.3, 125.1, 122.9, 121.9, 119.5, 33.6, 26.2, 18.5. GC/MS (m/z, relative intensity) 203 (M+, 
70), 188 (90), 162 (50). 
 
2b 4,6-difluoro-2-(3-methylbut-2-en-1-yl)benzo[d]thiazole 
The general procedure E was followed using 2-bromo-4,6-
difluorobenzo[d]thiazole (30 mg, 0.12 mmol), tributylamine (85.6 μl, 0.36 
mmol), formic acid (13.6 μl, 0.36 mmol), ((2-methylbut-3-en-2-
yl)sulfonyl)benzene ( 126.2 mg, 0.6 mmol) and 0.6 mL of stock solution of Ir(ppy)3 in MeCN. After 
the completion of the reaction 21 h, the crude was purified via silica prep TLC plate using EtOAc/ 
hexanes 1:99 to afford 2b in 78% yield (22 mg, 0.094 mmol) as an oil. 1H NMR (400 MHz, CDCl3) δ 
7.31 (dd, 1H), 6.95 (td, J = 10.2, 10.2, 2.3 Hz, 1H), 5.55 – 5.44 (m, 1H), 3.82 (d, J = 7.4 Hz, 2H), 1.81 
(s, 3H), 1.75 (s, 3H). 19F NMR (376 MHz, CDCl3) δ -113.6 –  -113.7 (m), -118.4 (dd, J = 10.2, 5.3 Hz). 
13C NMR (101 MHz, CDCl3) δ 173.3, 160.2 (dd, J = 246.7, 10.4 Hz), 155.2 (dd, J = 258.5, 13.4 Hz), 
139.4 (dd, J = 13.2, 2.4 Hz), 138.6 (dd, J = 12.6, 5.0 Hz), 137.8, 119.1, 104.0 (dd, J = 26.3, 4.6 Hz), 










The general procedure E was followed using 2-bromo-4-chlorobenzo[d]thiazole 
(29.8 mg, 0.12 mmol), tributylamine (85.6 μl, 0.36 mmol), formic acid (13.6 μl, 
0.36 mmol), ((2-methylbut-3-en-2-yl) sulfonyl)benzene (126.2 mg, 0.6 mmol) and 0.6 mL of stock 
solution of Ir(ppy)3 in MeCN. After the completion of the reaction 22 h, the crude was purified via 
automated flash chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 0.2% 
on a 4 g silica column to afford 2c in 71% yield (20 mg, 0.085 mmol) as an oil. 1H NMR (400 MHz, 
CDCl3) δ 7.72 (d, J = 8.0 Hz, 1H), 7.46 (d, J = 7.8 Hz, 1H), 7.27 (t, 1H), 5.57 – 5.45 (m, 1H), 3.88 (d, 
J = 7.4 Hz, 2H), 1.82 (s, 3H), 1.76 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 174.3, 150.6, 137.4, 136.9, 
127.3, 126.2, 125.2, 120.2, 119.1, 33.4, 25.9, 18.2. GC/MS (m/z, relative intensity) 237 (M+, 100), 222 
(95), 196 (55). 
 
2d 4-bromo-2-(3-methylbut-2-en-1-yl)thiazole 
The general procedure E was followed using 2,4-dibromothiazole (29 mg, 0.12 
mmol), tributylamine (85.6 μl, 0.36 mmol), formic acid (13.6 μl, 0.36 mmol), ((2-
methylbut-3-en-2-yl)sulfonyl)benzene ( 126.2 mg, 0.6 mmol) and 0.6 mL of stock solution of Ir(ppy)3 
in MeCN. After the completion of the reaction 26 h, the crude was purified via automated flash 
chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 0.2% on a 4 g silica 
column to afford 2d in 60% yield (17 mg, 0.072 mmol) as an oil. 1H NMR (400 MHz, CDCl3) δ 7.08 
(s, 1H), 5.51 – 5.35 (m, 1H), 3.70 (d, J = 7.4 Hz, 2H), 1.79 (s, 3H), 1.71 (s, 3H). 13C NMR (101 MHz, 
CDCl3) δ 173.0, 137.3, 124.4, 118.8, 116.3, 32.4, 25.8, 18.1. GC/MS (m/z, relative intensity) 231 (M+, 





The general procedure E was followed using 2-bromo-4-phenylthiazole 
(28.8 mg, 0.12 mmol), tributylamine (85.6 μl, 0.36 mmol), formic acid (13.6 
μl, 0.36 mmol), ((2-methylbut-3-en-2-yl)sulfonyl)benzene (126.2 mg, 0.6 
mmol) and 0.6 mL of stock solution of Ir(ppy)3 in MeCN. After the completion of the reaction 23 h, 
the crude was purified via automated flash chromatography using EtOAc in hexanes (0% to 100%) 
with product eluting at 0.2% on a 4 g silica column to afford 2e in 65% yield (18 mg, 0.078 mmol) as 
an oil. 1H NMR (400 MHz, CDCl3) δ 7.89 (d, 2H), 7.41 (t, J = 7.5, 7.5 Hz, 2H), 7.33 (s, 1H), 7.31 (t, J 
= 7.3 Hz, 1H), 5.58 – 5.42 (m, 1H), 3.79 (d, J = 7.3 Hz, 2H), 1.81 (s, 3H), 1.75 (s, 3H). 13C NMR (101 
MHz, CDCl3) δ 171.9, 155.2, 136.4, 134.6, 128.9, 128.1, 126.5, 119.8, 112.4, 32.5, 25.9, 18.2. GC/MS 
(m/z, relative intensity) 229 (M+, 100), 214 (60), 188 (45). 
 
2f 2-(3-methylbut-2-en-1-yl)-1H-benzo[d]imidazole 
The general procedure E was followed using 2-bromo-1H-benzo[d]imidazole (24 
mg, 0.12 mmol), tributylamine (85.6 μl, 0.36 mmol), formic acid (13.6 μl, 0.36 
mmol), ((2-methylbut-3-en-2-yl)sulfonyl)benzene ( 126.2 mg, 0.6 mmol) and 0.6 mL of stock solution 
of Ir(ppy)3 in MeCN. The photocatalytic reaction did not go to further conversion after 4 days. After 
adding tributylamine (28.5 μl, 0.12 mmol), formic acid (4.5 μl, 0.12 mmol), ((2-methylbut-3-en-2-
yl)sulfonyl)benzene ( 50.5 mg, 0.24 mmol) and 0.1 mL of Ir(ppy)3 to the reaction, slight further 
conversion was observed and it afforded 6a in 70% 1H NMR yield after 6 days. The crude was purified 
via automated flash chromatography using EtOAc/ hexanes under 1% Et3N with product eluting at 23% 
EtOAc on a 4 g silica column to afford 2f in 65% yield as an oil which includes 19% starting material. 
1H NMR (400 MHz, CDCl3) δ 7.60 – 7.53 (m, 2H), 7.28 – 7.21 (m, 2H), 5.59 – 5.36 (m, 1H), 3.73 (d, 
J = 7.3 Hz, 2H), 1.75 (s, 3H), 1.71 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 153.9, 137.5, 126.4, 123.2, 
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122.9, 117.3, 114.7, 28.2, 25.9, 18.2. GC/MS (m/z, relative intensity) 186 (M+, 100), 171 (100), 145 
(75). 
General procedure F for the photocatalytic prenylation of aniline with prenyl sulfone (limiting aniline) 
 
A 12×75 mm borosilicate tube fitted with a rubber septum was charged with Eosin Y (0.6 mM, 0.6 mL 
in DMSO), aniline (0.12 mmol, 1 equiv), t-BuONO (0.24 mmol, 2 equiv) and ((2-methylbut-3-en-2-
yl)sulfonyl)benzene ( 0.6 mmol, 126.2 mg, 5 equiv). Then the tube was placed in a light bath 
(description above) and the lower portion of the tube was submerged under the water bath which was 
maintained at 22 oC.  The reaction was monitored by TLC and GC-MS. After completion of the 
reaction, water (5 mL) was added and extracted with ethyl acetate (3 mL). The organic fraction was 
washed with water (10 mL) and brine (10 mL). Then the organic phase was dried over MgSO4 and 
evaporated to leave the crude product, which was purified by column chromatography. 
 
3a methyl 4-(3-methylbut-2-en-1-yl)benzoate 
The general procedure F was followed using methyl 4-aminobenzoate (18 mg, 
0.12 mmol), t-BuONO (24.7 mg, 28.5 μl, 0.24 mmol), ((2-methylbut-3-en-2-
yl)sulfonyl)benzene ( 126.2 mg, 0.6 mmol) and 0.6 mL of stock solution of 
Eosin Y in DMSO. After the completion of the reaction 15 h, the crude was purified via automated 
flash chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 0.1% on a 4 g 
silica column to afford 3a in 67% yield (16 mg, 0.08 mmol) as an oil. 1H NMR (400 MHz, CDCl3) δ 
7.94 (d, J = 8.2 Hz, 2H), 7.24 (d, J = 8.2 Hz, 2H), 5.37 – 5.25 (m, 1H), 3.90 (s, 3H), 3.39 (d, J = 7.3 
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Hz, 2H), 1.76 (s, 3H), 1.72 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 167.3, 147.5, 133.6, 129.9, 128.5, 
127.8, 122.2, 52.1, 34.6, 25.9, 18.0. GC/MS (m/z, relative intensity) 204 (M+, 35), 189 (20), 145 (100). 
 
3b 4-(3-methylbut-2-en-1-yl)benzonitrile 
The general procedure F was followed using 4-aminobenzonitrile (14.2 mg, 
0.12 mmol), t-BuONO (24.7 mg, 28.5 μl, 0.24 mmol), ((2-methylbut-3-en-2-
yl)sulfonyl)benzene ( 126.2 mg, 0.6 mmol) and 0.6 mL of stock solution of Eosin Y in DMSO. After 
the completion of the reaction 15 h, the crude was purified via automated flash chromatography using 
EtOAc in hexanes (0% to 100%) with product eluting at 0.2% on a 4 g silica column to afford 3b in 
68% yield (14 mg, 0.082 mmol) as an oil. 1H NMR (400 MHz, CDCl3) δ 7.56 (apd, J = 8.2 Hz, 2H), 
7.27 (d, J = 7.5 Hz, 2H), 5.34 – 5.19 (m, 1H), 3.39 (d, J = 7.4 Hz, 2H), 1.76 (s, 3H), 1.71 (s, 3H). 13C 
NMR (101 MHz, CDCl3) δ 147.6, 134.4, 132.3, 129.2, 121.5, 119.3, 109.7, 34.6, 25.9, 18.0. GC/MS 
(m/z, relative intensity) 171 (M+, 50), 156 (100), 142 (40). 
 
3c 1-bromo-4-(3-methylbut-2-en-1-yl)benzene 
The general procedure F was followed using 4-bromoaniline (20.6 mg, 0.12 
mmol), t-BuONO (24.7 mg, 28.5 μl, 0.24 mmol), ((2-methylbut-3-en-2-
yl)sulfonyl)benzene ( 126.2 mg, 0.6 mmol) and 0.6 mL of stock solution of Eosin Y in DMSO. After 
the completion of the reaction 15 h, the crude was purified via automated flash chromatography using 
EtOAc in hexanes (0% to 100%) with product eluting at 100% hexane on a 4 g silica column to afford 
3c in 65% yield (18 mg, 0.078 mmol) as an oil. 1H NMR (400 MHz, CDCl3) δ 7.41 – 7.33 (apd, 2H), 
7.05 (d, J = 8.3 Hz, 2H), 5.31 – 5.25 (m, 1H), 3.29 (d, J = 7.3 Hz, 2H), 1.75 (s, 3H), 1.71 (s, 3H). 13C 
NMR (101 MHz, CDCl3) δ 141.2, 133.6, 131.8, 130.5, 122.9, 119.9, 34.2, 26.2, 18.3. GC/MS (m/z, 




The general procedure F was followed using 2,4,5-trichloroaniline (23.6 mg, 
0.12 mmol), t-BuONO (24.7 mg, 28.5 μl, 0.24 mmol), ((2-methylbut-3-en-2-
yl)sulfonyl)benzene ( 126.2 mg, 0.6 mmol) and 0.6 mL of stock solution of 
Eosin Y in DMSO. After completion of the reaction, 13 h, the crude was purified via automated flash 
chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 0.1% on a 4 g silica 
column to afford 3d in 65% yield (19.5 mg, 0.078 mmol) as an oil. 1H NMR (400 MHz, CDCl3) δ 7.44 
(s, 1H), 7.27 (s, 1H), 5.28 – 5.03 (m, 1H), 3.36 (d, J = 7.3 Hz, 2H), 1.77 (s, 3H), 1.70 (s, 3H). 13C NMR 
(101 MHz, CDCl3) δ 139.9, 135.5, 133.1, 131.5, 131.3, 130.9, 130.8, 120.3, 31.9, 26.2, 18.4. GC/MS 
(m/z, relative intensity) 247 (M+, 15), 195 (30), 176 (35). 
 
3e 1-(3-methylbut-2-en-1-yl)-4-nitrobenzene 
The general procedure F was followed using 4-nitroaniline (17 mg, 0.12 
mmol), t-BuONO (24.7 mg, 28.5 μl, 0.24 mmol), ((2-methylbut-3-en-2-
yl)sulfonyl)benzene ( 126.2 mg, 0.6 mmol) and 0.6 mL of stock solution of Eosin Y in DMSO. After 
the completion of the reaction 14 h, the crude was purified via automated flash chromatography using 
EtOAc in hexanes (0% to 100%) with product eluting at 0.1% on a 4 g silica column to afford 3e in 
71% yield (16.2 mg, 0.085 mmol) as an oil.1H NMR (400 MHz, CDCl3) δ 8.17 – 8.11 (apd, 2H), 7.32 
(d, J = 8.7 Hz, 2H), 5.35 – 5.17 (m, 1H), 3.44 (d, J = 7.3 Hz, 2H), 1.77 (s, 3H), 1.72 (s, 3H). 13C NMR 
(101 MHz, CDCl3) δ 149.5, 146.1, 134.3, 128.9, 123.5, 121.0, 34.1, 25.6, 17.7.  GC/MS (m/z, relative 





3f 4-(3-methylbut-2-en-1-yl)benzoic acid 
The general procedure F was followed using 4-aminobenzoic acid (16.5 
mg, 0.12 mmol), t-BuONO (24.7 mg, 28.5 μl, 0.24 mmol), ((2-methylbut-
3-en-2-yl)sulfonyl)benzene ( 126.2 mg, 0.6 mmol) and 0.6 mL of stock solution of Eosin Y in DMSO. 
After completion of the reaction 15 h, the crude was purified via automated flash chromatography using 
EtOAc in hexanes 1% acetic acid (0% to 100%) with product eluting at 70% on a 4 g silica column to 
afford 3f in 72% yield (16.4 mg, 0.086 mmol) as a white solid.  1H NMR (400 MHz, CDCl3) δ 7.95 (d, 
J = 6.9 Hz, 2H), 7.20 (d, J = 7.5 Hz, 2H), 5.28 – 5.18 (m, 1H), 3.34 (d, J = 7.2 Hz, 2H), 1.69 (s, 3H), 
1.65 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 171.8, 148.4, 133.7, 130.4, 128.5, 126.8, 121.9, 34.5, 25.7, 
17.9. GC/MS (m/z, relative intensity) 190 (M+, 30), 145 (100), 131 (100). 
 
3g 1-(3-methylbut-2-en-1-yl)-2-nitrobenzene 
The general procedure F was followed using 2-nitroaniline (17 mg, 0.12 mmol),  
t-BuONO (24.7 mg, 28.5 μl, 0.24 mmol), ((2-methylbut-3-en-2-
yl)sulfonyl)benzene (126.2 mg, 0.6 mmol) and 0.6 mL of stock solution of Eosin Y  
in DMSO was used. After the completion of the reaction 14 h, the crude was purified via automated 
flash chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 0.1% on a 4 g 
silica column to afford 3g in 65% yield (15 mg, 0.078 mmol) as an oil. 1H NMR (400 MHz, CDCl3) δ 
7.87 (d, J = 8.1 Hz, 1H), 7.51 (t, J = 7.4, 7.4 Hz, 1H), 7.38 – 7.30 (m, 2H), 5.29 – 5.20 (m, 1H), 3.63 
(d, J = 7.1 Hz, 2H), 1.75 (s, 3H), 1.71 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 149.6, 136.7, 134.8, 







The general procedure F was followed using 4-methoxyaniline (15 mg, 0.12 
mmol), t-BuONO (24.7 mg, 28.5 μl, 0.24 mmol), ((2-methylbut-3-en-2-
yl)sulfonyl)benzene ( 126.2 mg, 0.6 mmol) and 0.6 mL of stock solution of Eosin Y in DMSO. After 
completion of the reaction 19 h, the crude was purified via automated flash chromatography using 
EtOAc in hexanes (0% to 100%) with product eluting at 0.2% on a 4 g silica column to afford 3h in 
60% yield (12.6 mg, 0.072 mmol) as an oil. 1H NMR (400 MHz, CDCl3) δ 7.11 (dd, J = 8.4, 2.2 Hz, 
2H), 6.85 (dd, J = 8.8, 2.5 Hz, 2H), 5.45 – 5.24 (m, 1H), 3.80 (d, J = 1.9 Hz, 3H), 3.30 (d, J = 7.3 Hz, 
2H), 1.76 (s, 3H), 1.73 (s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 158.2, 134.4, 132.6, 129.6, 124.1, 




The general procedure F was followed using 4-(tert-butyl)aniline (17.9 mg, 
0.12 mmol), tBuONO (24.7 mg, 28.5 μl, 0.24 mmol), ((2-methylbut-3-en-2-
yl)sulfonyl)benzene ( 126.2 mg, 0.6 mmol) and 0.6 mL of stock solution of 
Eosin Y in DMSO. After completion of the reaction 19 h, the crude was purified via automated flash 
chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 0.1% on a 4 g silica 
column to afford 3i in 57% yield (13.8 mg, 0.068 mmol) as an oil.1H NMR (400 MHz, CDCl3) δ 7.33 
– 7.29 (apd, 2H), 7.13 (d, J = 8.4 Hz, 2H), 5.40 – 5.28 (m, 1H), 3.32 (d, J = 7.4 Hz, 2H), 1.75 (s, 3H), 
1.73 (s, 3H), 1.31 (s, 9H). 13C NMR (101 MHz, CDCl3) δ 148.6, 138.9, 132.4, 128.1, 125.4, 123.5, 
34.5, 34.0, 31.6, 25.9, 18.0. GC/MS (m/z, relative intensity) 202 (M+, 45), 187 (100), 145 (60). The 
compound produced a thermally generated rearranged product under GC conditions that was otherwise 
not observed in 1H or 13C NMR. 
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General procedure G for the photocatalytic prenylation of iodoarenes with prenyl sulfone (limiting 
iodoarene)  
 
This procedure is identical to general procedure E except with following changes, where, Iodoarene 
(0.12 mmol, 1 equiv) and N,N-diisopropylethylamine (0.36 mmol, 62.7 μl, 3 equiv) were used in MeCN 
(0.2 M with respect to iodoarene). 
 
3a methyl 4-(3-methylbut-2-en-1-yl)benzoate 
The general procedure G was followed using methyl 4-iodobenzoate (31.4 mg, 
0.12 mmol), N,N-diisopropylethylamine (62.7 μl, 0.36 mmol) , formic acid (13.6 
μl , 0.36 mmol),  ((2-methylbut-3-en-2-yl)sulfonyl)benzene ( 126.2 mg, 0.6 mmol) and 0.6 mL of stock 
solution of Ir(ppy)3 in MeCN. After completion of the reaction, 32 h, the crude was purified via 
automated flash chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 0.1% 
on a 4 g silica column to afford 3a in 65% yield (16 mg, 0.078 mmol) as an oil. 1H NMR (400 MHz, 
CDCl3) δ 7.94 (d, J = 8.2 Hz, 2H), 7.24 (d, J = 8.2 Hz, 2H), 5.37 – 5.25 (m, 1H), 3.90 (s, 3H), 3.39 (d, 
J = 7.3 Hz, 2H), 1.76 (s, 3H), 1.72 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 167.3, 147.5, 133.6, 129.9, 








The general procedure G was followed using 4-iodobenzonitrile (27.5 mg, 
0.12 mmol), N,N-diisopropylethylamine (62.7 μl, 0.36 mmol) , formic acid 
(13.6 μl , 0.36 mmol), ((2-methylbut-3-en-2-yl)sulfonyl)benzene ( 126.2 mg, 0.6 mmol) and 0.6 mL of 
stock solution of Ir(ppy)3 in MeCN. After the completion of the reaction, 30 h, the crude was purified 
via automated flash chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 
0.2% on a 4 g silica column to afford 3b in 62% yield (12.7 mg, 0.074 mmol) as an oil. 1H NMR (400 
MHz, CDCl3) δ 7.56 (apd, J = 8.2 Hz, 2H), 7.27 (d, J = 7.5 Hz, 2H), 5.34 – 5.19 (m, 1H), 3.39 (d, J = 
7.4 Hz, 2H), 1.76 (s, 3H), 1.71 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 147.6, 134.4, 132.3, 129.2, 




The general procedure G was followed using 1-bromo-4-iodobenzene (34 mg, 
0.12 mmol), N,N-diisopropylethylamine (62.7 μl, 0.36 mmol) , formic acid 
(13.6 μl , 0.36 mmol), ((2 -methylbut-3-en-2-yl)sulfonyl)benzene ( 126.2 mg, 0.6 mmol) and 0.6 
mL of stock solution of Ir(ppy)3 in MeCN. After the completion of the reaction 33 h, the crude was 
purified via automated flash chromatography using EtOAc in hexanes (0% to 100%) with product 
eluting at 100% hexane on a 4 g silica column to afford 3c in 60% yield (16.2 mg, 0.072 mmol) as an 
oil. 1H NMR (400 MHz, CDCl3) δ 7.41 – 7.33 (apd, 2H), 7.05 (d, J = 8.3 Hz, 2H), 5.31 – 5.25 (m, 1H), 
3.29 (d, J = 7.3 Hz, 2H), 1.75 (s, 3H), 1.71 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 141.2, 133.6, 131.8, 





4d 4-acetyl-2-(3-methylbut-2-en-1-yl)-1,3-phenylene dimethyl bis(carbonate) 
The general procedure G was followed using 4-acetyl-2-iodo-1,3-phenylene 
dimethyl bis(carbonate) (47.3 mg, 0.12 mmol), N,N-diisopropylethylamine (62.7 
μl, 0.36 mmol) , formic acid (13.6 μl , 0.36 mmol), ((2-methylbut-3-en-2-
yl)sulfonyl)benzene ( 126.2 mg, 0.6 mmol) and 0.6 mL of stock solution of 
Ir(ppy)3 in MeCN . After completion of the reaction 33 h, the crude was purified via automated flash 
chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 20% on a 4 g silica 
column to afford 4d in 60% yield as an oil which includes 24% reduced product. 1H NMR (400 MHz, 
CDCl3) δ 7.72 (d, J = 8.6 Hz, 2H), 7.20 (d, J = 8.5 Hz, 2H), 5.05 – 4.99 (m, 1H), 3.92 (s, 3H), 3.91 (s, 
3H), 3.32 (d, J = 7.0 Hz, 2H), 2.55 (s, 3H), 1.72 (s, 3H), 1.66 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 
196.9, 154.4, 153.5, 153.2, 152.9, 133.5, 128.9, 128.7, 128.2, 120.1, 119.9, 118.9, 55.9, 29.2, 25.8, 
23.8, 17.8. GC/MS (m/z, relative intensity) 336 (M+, 5), 304 (15), 277 (40). 
 
4e 1-fluoro-4-(3-methylbut-2-en-1-yl)benzene 
The general procedure G was followed using 1-fluoro-4-iodobenzene (14 μl, 0.12 
mmol), N,N-diisopropylethylamine (62.7 μl, 0.36 mmol) , formic acid (13.6 μl , 
0.36 mmol),  ((2-methylbut-3-en-2-yl)sulfonyl)benzene ( 126.2 mg, 0.6 mmol) and 0.6 mL of stock 
solution of Ir(ppy)3 in MeCN. After the completion of the reaction 33 h, it afforded 8a in 55% 19F NMR 
yield. The crude material was purified by using Prep TLC with 100% hexanes and afforded 4e in 48% 
yield. Minimal effort was given to evaporate the solvent due to volatile nature of the product. 1H NMR 
(400 MHz, CDCl3) δ 7.15 – 7.07 (m, 2H), 7.01 – 6.89 (m, 2H), 5.39 – 5.19 (m, 1H), 3.31 (d, J = 7.1 
Hz, 2H), 1.75 (s, 3H), 1.71 (s, 3H). 19F NMR (376 MHz, CDCl3) δ -118.12 (ddd, J = 14.2, 8.8, 5.5 Hz). 
13C NMR (101 MHz, CDCl3) δ 161.3 (d, J = 243.1 Hz), 137.5 (d, J = 3.2 Hz), 132.9, 129.7 (d, J = 7.7 
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Hz), 123.2, 115.2 (d, J = 21.1 Hz), 33.6, 25.9, 17.9. GC/MS (m/z, relative intensity) 164 (M+, 50), 149 
(100), 109 (90). 
 
General procedure H for the photocatalytic prenylation of α carbonyl bromides with prenyl sulfone 
(limiting α-carbonyl bromides)  
 
This procedure is identical to general procedure G except the reactions were carried out in a light bath 
where the temperature was maintained at 22 oC.  
 
5a 5-methylhex-4-enoic acid 
The general procedure H was followed using 2-bromoacetic acid (16.7 mg, 0.12 
mmol), N,N-diisopropylethylamine (62.7 μl, 0.36 mmol) , formic acid (13.6 μl , 
0.36 mmol), ((2-methylbut-3-en-2-yl)sulfonyl)benzene ( 126.2 mg, 0.6 mmol) and 0.6 mL of stock 
solution of Ir(ppy)3 in MeCN. After completion of the reaction 24 h, the crude was purified via 
automated flash chromatography using EtOAc in hexanes (0% to 100%) under 1% acetic acid with 
product eluting at 60% on a 4 g silica column to afford 5a in 65% yield (10 mg, 0.078 mmol) as an oil. 
1H NMR (400 MHz, CDCl3) δ 5.25 – 4.92 (m, 1H), 2.40 – 2.35 (m, 2H), 2.35 – 2.28 (m, 2H), 1.69 (s, 
3H), 1.63 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 179.2, 133.6, 122.2, 34.3, 25.8, 23.5, 17.8. GC/MS 
(m/z, relative intensity) 128 (M+, 40), 110 (5), 69 (100). The compound produced some thermally 




The general procedure H was followed using 2-bromo-1-phenylethan-1-one 
(23.9 mg, 0.12 mmol), N,N-diisopropylethylamine (62.7 μl, 0.36 mmol) , 
formic acid (13.6 μl , 0.36 mmol), ((2-methylbut-3-en-2-yl)sulfonyl)benzene 
( 126.2 mg, 0.6 mmol) and 0.6 mL of stock solution of Ir(ppy)3 in MeCN. After completion of the 
reaction 23 h, the crude was purified via automated flash chromatography using EtOAc in hexanes (0% 
to 100%) with product eluting at 0.2% on a 4 g silica column to afford 5b in 66% yield (15 mg, 0.08 
mmol) as an oil. 1H NMR (400 MHz, CDCl3) δ 7.99 – 7.93 (m, 2H), 7.59 – 7.52 (m, 1H), 7.46 (t, J = 
7.5, 7.5 Hz, 2H), 5.22 – 5.12 (m, 1H), 3.02 (t, 2H), 2.42 (q, J = 7.4, 7.4, 7.3 Hz, 2H), 1.69 (s, 3H), 1.64 
(s, 3H).13C NMR (101 MHz, CDCl3) δ 200.1, 137.0, 132.9, 132.8, 128.5, 128.1, 122.9, 38.8, 25.7, 22.9, 
17.7. GC/MS (m/z, relative intensity) 188 (M+, 5), 170 (10), 105 (100). 
 
5c benzyl 5-methylhex-4-enoate 
The general procedure H was followed using benzyl 2-bromoacetate (27.5 
mg, 0.12 mmol), N,N-diisopropylethylamine (62.7 μl, 0.36 mmol) ,formic 
acid (13.6 μl, 0.36 mmol), ((2-methylbut-3-en-2-yl)sulfonyl)benzene ( 
126.2 mg, 0.6 mmol) and 0.6 mL of stock solution of Ir(ppy)3 in MeCN. After the completion of the 
reaction 21 h, the crude was purified via automated flash chromatography using EtOAc in hexanes (0% 
to 100%) with product eluting at 0.1% on a 4 g silica column to afford 5c in 64% yield (16.7 mg, 0.077 
mmol) as an oil. 1H NMR (400 MHz, Chloroform-d) δ 7.38 – 7.32 (m, 5H), 5.12 (s, 1H), 5.11 – 5.06 
(m, 1H), 2.38 (dd, J = 8.1, 5.1 Hz, 2H), 2.36 – 2.29 (m, 2H), 1.67 (s, 3H), 1.60 (s, 3H). 13C NMR (101 
MHz, Chloroform-d) δ 173.4, 136.3, 133.3, 128.7, 128.3, 128.3, 122.5, 66.3, 34.7, 25.8, 23.8, 17.8. 
GC/MS (m/z, relative intensity) 182 (15), 127 (50), 91 (100).  The compound produced some thermally 
generated impurities under GC conditions. 
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5d diethyl 2-(3-methylbut-2-en-1-yl)malonate 
The general procedure H was followed using diethyl 2-bromomalonate (28.7 
mg, 0.12 mmol), N,N-diisopropylethylamine (62.7 μl, 0.36 mmol) , formic 
acid (13.6 μl , 0.36 mmol), ((2-methylbut-3-en-2-yl)sulfonyl)benzene ( 126.2 
mg, 0.6 mmol) and 0.6 mL of stock solution of Ir(ppy)3 in MeCN. After the completion of the reaction 
25 h, the crude was purified via automated flash chromatography using EtOAc in hexanes (0% to 100%) 
with product eluting at 8% on a 4 g silica column to afford 5d in 60% yield (11 mg, 0.08 mmol) as an 
oil. 1H NMR (400 MHz, CDCl3) δ 5.12 – 5.00 (m, 1H), 4.19 (q, J = 7.1, 7.1, 7.1 Hz, 4H), 3.32 (t, J = 
7.7, 7.7 Hz, 1H), 2.58 (t, J = 7.5, 7.5 Hz, 2H), 1.68 (s, 3H), 1.63 (s, 3H), 1.26 (t, J = 7.1, 7.1 Hz, 6H). 
13C NMR (101 MHz, CDCl3) δ 169.4, 135.0, 119.8, 61.4, 52.4, 27.7, 25.9, 17.9, 14.2. GC/MS (m/z, 
relative intensity) 228 (M+, 10), 160 (30), 139 (40). The compound produced a thermally generated 
impurity under GC conditions that was otherwise not observed in 1H or 13C NMR. 
 
Photocatalytic prenylation via photooxidative process 
 
Thiophenol (13.2 mg, 0.12 mmol), ((2-methylbut-3-en-2-yl)sulfonyl)benzene ( 82 mg, 0.39 mmol), 
pyridine (0.12 mmol) and 0.6 mL of stock solution of Eosin Y (0.003 mmol) in MeCN. Then the tube 
was placed in a light bath. After completion of the reaction 6 h, the crude was purified via automated 
flash chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 0.1% on a 4 g 
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silica column to afford the product in 91% yield. 1H NMR shifts match with literature values. GC/MS 
showed the mass of the product 178 (M+). 





























































































































































































































































































































































































































1H NMR (400 MHz, Chloroform-d) spectrum of 4d (4-acetyl-2-(3-methylbut-2-en-1-yl)-1,3-




13C NMR (101 MHz, Chloroform-d) spectrum of 4d (4-acetyl-2-(3-methylbut-2-en-1-yl)-1,3-
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 ALKYL HALIDES VIA VISIBLE LIGHT MEDIATED DEHALOGENATION 
3.1 Introduction 
Alkyl halides found in natural products are potential source of new medicinal drugs.1 Consequently, a 
significant amount of the bioactive halogenated compounds have been discovered from marine-derived 
sources, terrestrial plants, lichen, fungi, bacteria, and insects over the past decades.1d In addition, alkyl 
halides are important as they play a central role in synthesis as starting materials and synthetic 
intermediates.2 As a result, numerous efforts have focused on the development of and enantioselective 
-3 mono4alogenation.  Often this is a challenging feat, owing to the increased reactivity of the products 
which leads to inseparable mixtures un-, mono-, and di-halogenated material.   
Meanwhile, the Weaver group has approached a parallel problem of organofluorines from an alternative 
approach.  Namely, rather than attempting to control the selectivity of the halogenation (fluorination in 
this case) step, they have found that a molecular sculpting approach to organofluorines is a versatile 
and arguably underutilized strategy.  In this approach, starting with the synthetically more accessible 
per- or fully-fluorinated molecule and subjecting it to selective defluorination reveals the desired 
partially fluorinated organofluorine.5   This approach effectively separates the problems of bond 
formation and selectivity. The objective of this project is to explore this concept in the context of 
accessing organo-bromides and –chlorides. 
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The replacement of a halogen by hydrogen is known as hydrodehalogenation, and a number of 
strategies exist in the literature. Traditional methods of hydrodehalogenation include metal halogen 
exchange,6 nucleophilic hydride substitution,7 atom transfer,8 or single electron transfer fragmentation.9 
However, these methods suffer from drawbacks including undesired side reactions,  extreme basicity, 
functional group intolerance, explosive,10 toxic,11, and stoichiometric loadings of metals. 
Recently, Stephenson has shown that hydrodehalogenation is possible using a silane via an iridium 
mediated photocatalysis (scheme 3.1a).12 While a mild and efficient protocol with broad functional 
group tolerance, it requires superstoichiometric amounts of relatively expensive tris(trimethylsilane) in 
addition to an iridium catalyst which could complicate scaling of the reaction. 
Scheme 3.1 Visible light-mediated reductive dehalogenation 
 
Reiser and coworkers have reported visible light-mediated reductive dehalogenation of α-haloketones 
using 1,5-dimethoxynaphthalene (DMN) and ascorbate in the presence of catalytic Ru(bpy)3Cl2 
(scheme 3.1b).13 This method is  amenable to both α-bromocarbonyl compounds and α-chlorocarbonyl 
compounds. While a mild and efficient protocol with broad functional group tolerance, the substrate 
scope was limited to α-haloketones. 
Recently, visible light-induced photocatalyst-free organic transformations have received considerable 
attention.14 Among these, electron-donor–acceptor (EDA) complex-mediated electron-transfer 
reactions are particularly intriguing. The diffusion controlled, ground-state association between a donor 
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D- which is usually an electron-rich compound, and an acceptor A- which is usually an electron-poor 
molecule, produces an electron donor−acceptor (EDA) complex often characterized by the appearance 
of a weak absorption band due to charge-transfer from donor to acceptor. In many cases, the energy of 
this transition lies within the visible range, thus producing a characteristic strong coloration.15  Often, 
when compared to hydrogen bonding, EDA complexes display weak, less directional, and reversible 
ground-state interactions.16 Furthermore, these interactions are sensitive to variations of solvent, 
concentration, and temperature.17  
EDA complexes have been postulated to involve in organic transformations when irradiated by visible 
light.18 Recently, the photophysical properties of EDA complexes have been studied extensively ,17a, 19 
however, their use in synthetic chemistry has been more limited, though notable examples of their utility 
exists.  They include radical-nucleophilic aromatic substitutions,20 nitration of substituted benzene 
compounds,21 arylation of pyrroles at the 2-position with diaryliodonium salts,22 intramolecular 
cyclization of α,β-unsaturated lactams, lactones, and cycloalkenones with pendant alkyl iodides,23 
asymmetric α-alkylation of aldehydes with alkyl halides24 and α-C–H functionalization of tertiary 
amines.25 It is relatively well-known that tertiary amines can be involved in electron-donor–acceptor 
(EDA) complexes and in subsequent photoinduced electron transfer reactions.15, 26 Encouraged by the 
examples of successful reactions mediated by the photochemistry of EDA complexes, we began 
studying the visible light mediated debromination of polybrominated alkanes by N,N-
diisopropylethylamine (DIPEA) (scheme 3.2).  





3.2 Development of methodology for the synthesis of alkyl halides  
We chose α, α-dibromo sulfonyl acetate (1b) for optimization of the debromination reaction (table 3.1). 
The debromination of 1b was carried out with 1.5 equiv of DIPEA with blue LED irradiation at room 
temperature. Initial solvent screening (entry 2) revealed that dichloromethane, toluene and 
tetrahydrofuran gave low conversion, while polar solvents (entry 3) facilitated the complete conversion 
of the reaction with high yield. However, MeCN was found to be the optimal solvent (entry 1) for the 
debromination.  
Table 3.1 Optimization of dehalogenation 
 
The rate of the reaction did appear to depend on the equivalents of amine (entries 1, 4 and 5) and an 
increase in the amount of amine led to didebrominated product. Use of 1.5 equiv of amine gave the 
highest yield for mono-debromination. Exploration of other amines showed diminished reactivity or 
low yield with triethylamine (entry 6) and DBU (entry 7). The use of inorganic base, potassium 
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carbonate, did not form any product (entry 8). The reaction did proceed when Hantzsch ester was used 
instead of amine, but showed relatively slow conversion (entry 9). Adding water accelerated the 
reaction (entry 10), but led to undesired didebrominated product.  Thus, dry conditions provided higher 
yields. When the reaction was irradiated with lower energy green light (entry 11) the reaction gave only 
trace conversion, while higher energy violet light (entry 12) more rapidly gave complete conversion, 
but also led to didebrominated product, thus we opted to use blue light so as to maintain better control 
of the product distribution. Control studies demonstrated the necessity of both amine and light (entry 
13). The addition of 1.5 equiv TEMPO led to only trace conversion, suggesting the presence of a radical 
intermediate (entry 14). 
These optimization data were summarized after a more extensive study that included variations in 
several parameters and careful optimizations. 
Table 3.2 Optimization of amine. 
 
 
Exploration of amines showed diminished reactivity with trimethylamine (Et3N) (table 3.2 entry 1) and 
low yield with tributylamine (Bu3N) (entry 2). DBU (entry 5) was also able to form the desired 
153 
 
debrominated product but in a relatively lower yield. Switching the amine to DABCO (entry 4) formed 
undesired didebrominated product. 4-Methoxy-N,N-diphenylbenzenamine and 2,2,6,6-
tetramethylpiperidine (entry 6 & 7) did result trace amount of product formation. DIPEA was found to 
be the optimal amine (entry 3) for the debromination. 
Next, we studied the mechanism of the reaction associated with DIPEA, and we were able to draw 
several conclusions.  However, given the differences in the nature of the reductants, it is likely that 
multiple mechanisms are operative, and we make no claim concerning the others. We postulate that a 
streptocyanine dye of some kind is formed under the reaction conditions, and that it is responsible for 
debromination. According to the literature, streptocyanine dye formation from Et3N and NBu3 and can 
undergo a similar transformation to DIPEA.27 However, it is not known with respect to DBU and 
DABCO.  






The debromination reaction gave low conversion in toluene, tetrahydrofuran (THF), and 
dichloromethane (DCM) (table 3.3 entry 1-3). While polar solvents DMF, DMSO, and MeOH (entry 
6-8) showed the complete conversion of the reaction with good yield. However, they formed more 
didebrominated product.  MeCN was found to be the optimal solvent (entry 5) for the debromination. 
Table 3.4 Hydrodebromination with other potential reductants 
 
 
Instead of amine other potential reductants for hydrodebromination were screened. The reaction did 
proceed with Hantzsch ester but gave relatively slow conversion (table 3.4 entry 1). Other reductants 
4-fluorothiophenol, sodium ascorbate, and sodium oxalate (entries 2-4) formed only a trace amount of 
hydrodebrominated product. However, this could be due to the low solubility of sodium ascorbate and 








Table 3.5 Optimization of temperature  
 
 
Temperature screening is another important parameter which affected both the rate of reactions and 
product distribution (debrominated pdt: didebrominated pdt) (table 3.5). Hydrodebromination reaction 
at 0 0C was relatively slow and resulted 83% of desired product. Carrying out the reaction at 45 0C 
accelerated hydrodebromination (entry 3), but led to undesired didebrominated product. Reaction at 28 
0C was found to be the optimal temperature (entry 2) and resulted 96% desired product. 
Having optimized the reaction conditions, we next sought to explore the substrate scope (scheme 3.3). 
However, as a first step, we synthesized a series of fully-brominated ketones, esters and sulfones 
substrates (1b-12b).  The synthetic utility of our approach hinges on facile perhalogenation, and we 
show that by using established literature procedures the di- or tri-brominated starting materials can 
generally be synthesized in high yields.4h, 28 Next, the hydrodebromination was performed.  Sulfonyl 
esters (1b-3b) showed complete conversion within a short time period (0.75-2 h) and formed the 
intended debrominated product (1c-3c) in excellent yield. Whereas α-bromo ketones, esters and mono-
activated sulfones (4b-12b) required longer reaction times and increased DIPEA loading (2 vs. 1.5 




Scheme 3.3 Molecular sculpting approach to monohalogenation 
 
 
Furthermore, it is conceivable that enolizable substrate including 7b & 8b may undergo debromination 
via a different mechanism under the reaction condition.29 Dibromotoluene, 13b, required longer 
reaction time and higher amine loading, but good conversion was achieved. 
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Upon further investigation, we found that this protocol was also amenable to the dechlorination of α-
chloroketones (15b, 16b) and sulfonyl esters (14b). Longer reaction times were found to be necessary 
to achieve good yields, however. Moreover, the dechlorination reaction took place faster upon 
switching to higher energy violet LEDs.   
During the course of our studies we noticed that a marked yellow color appeared immediately upon 
mixing ketone 7b with the DIPEA.  We suspected the formation of an EDA complex30 and that this 
complex was responsible for the apparent photochemistry. To gain insight, we performed several 
UV−Vis spectroscopic experiments. As shown in figure 3.1, while the UV-Vis spectra of both 7b and 
DIPEA in MeCN absorb below 380 nm, the spectrum of a mixture of both components shows a 
bathochromic shift above 400 nm. The observation of this charge transfer band strongly supports the 
existence of the EDA complex. The formation of a yellow solution upon mixing of the substrates and 
DIPEA was generally a good indicator that the reaction would take place via an EDA 
complex (7b, 8b and 9b), though for some substrates an EDA complex formed it was not visible (10b, 
11b, 13b).  Moreover, following the debromination of 7b via 1H NMR (figure 3.2, left) demonstrated 
the benefit of the additional amine, which gave overall greater formation of the product at a faster rate. 
In stark contrast to ketone 7b, sulfone 1b did not form any visually detectable EDA complex which was 
supported by UV-Vis experiments (figure 3.1, right).  Control studies reassured us that this was indeed 
a photochemical reaction, but by appearances the reaction, in apparent violation of Grotthuss–Draper 
law, did not absorb a visible photon.  As shown in Figure 3.1 (right) the absorption of 1b in MeCN 
approaches zero near 310 nm but a 1:1.5 mixture of 1b and DIPEA showed a slight bathochromic 
displacement but its absorbance too drops off before it reaches the visible region. Interestingly, 
following the debromination of 1b by 19F NMR (figure 3.2, right) revealed a sigmoidal profile. The 





Figure 3.1 UV-Vis absorption of 7b,1b, and DIPEA 
 




Furthermore, during the debromination reactions of 1b, upon irradiation of the reaction mixture with 
blue light, it was noted that the appearance of the reaction mixture changed from colorless to deep 
yellow and later to yellowish brown (See inset figure 3.3). We studied the origin of the prominent color 
change via UV-Vis spectroscopy. Monitoring the UV-Vis absorption spectra of a reaction mixture taken 
every 2 min for 32 min during the debromination (figure 3.3). Initially, only a strong band below 350 
nm was noted. But after just 4 minutes had elapsed, new bands started to emerge and became quite 
prominent after 8 minutes, the solution becoming a deep yellow.  
Figure 3.3 Time-dependent UV/Vis spectra of debromination reaction of 1b 
 
 
Recently, Bach and coworkers32 noted a similar observation during the intramolecular cyclization of 
α,β-unsaturated lactams, lactones, and cycloalkenones with pendant alkyl iodides upon irradiation with 
visible light (λ=419 nm) in the presence of DIPEA (scheme 3.4a). The intensely colored by-products 
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were proposed to be streptocyanine dyes, based on mass spectrometric evidence and comparison with 
known compounds (scheme 3.4b).  Importantly, they were shown to be key to successful reaction.  
Scheme 3.4 Bach’s visible light mediated intramolecular radical cyclization 
 
Streptocyanine dyes33 are part of the family of polymethine dyes.34  These organic compounds are 
cationic, contain an odd numbered carbon chain, which terminates in two acyclic nitrogen atoms 
(scheme 3.5). When the nitrogen atoms are heterocyclic they are simply called cyanine dyes.33a, 35 These 
dyes are potentially formed from the dimerization of amines, conjugating an enamine and an iminium.  
Depending on the number of conjugated vinyl units, they are known to absorb photons that can run the 
energy gamut from the UV to IR region.32, 36   
Scheme 3.5 General structure of streptocyanine dyes 
 
The cationic nature of the amine makes it ideal for staining cell surfaces for which it is currently used 
extensively.37  Furthermore, they have been used as photocatalysts to excite electrons into the 
conduction band of titanate complexes.38  However, to our knowledge they have not been used as 
161 
 
catalysts in visible light photocatalysis-at least from the outset of the reaction.  The absence of their use 
in photocatalysis may stem from their tendency to decompose via any number of pathways, including 
photo-,39 thermal-,39f and hydrolytic-pathways. However, we posit that if they can be reliably generated 
in situ, and their reactivity anticipated, they can become another useful tool for the synthetic chemist. 
Based on mass spectrometric and UV-Vis spectroscopy evidences we have proposed the structure of in 
situ generated streptocyanine dye (scheme 3.6, bottom). This streptocyanine dye absorbs light broadly 
from 310-560 nm. It is able to reduce substrates with E1/2red = -0.5 - -1.0 V. We postulate that the 
streptocyanine dye of some kind (scheme 3.6, bottom) formed under the reaction conditions, that it is 
responsible for photoinduced electron transfer to the substrate, generation of a radical anion, subsequent 
alpha-elimination of the halide and formation of the alkyl radical. The alkyl radical can then undergo 
hydrogen atom transfer with an amine radical cation.  DIPEA reduces the oxidized dye and completes 
the cycle (scheme 3.6)   





Although our attempts to directly characterize the dye failed, we were able to perform several 
experiments that probed the nature of the active photocatalyst (scheme 3.7).  When the debromination 
of sulfone 2b was run to ca. 50% conversion, a small aliquot was transferred to a fresh solution 
involving a different dibromo-substrate (scheme 3.7, eqn 1).  When compared to a control reaction, in 
which no aliquot from the partially converted reaction had been added, the reaction did not display the 
aforementioned lag time. 
Given that streptocyanine dyes  were not present at the beginning of the reaction and therefore could 
not be the causative agent at the beginning of the reaction, we expected that trace amounts of 
adventitious UV light might lead to a photoinduced single electron transfer (SET) from the amine to 
the dibromide substrate and initiate a process that ultimately leads to the formation of a visible light 
absorbing dye in situ that was itself capable of the photoinduced SET and primarily responsible for 
subsequent visible light mediated hydrodebromination.  Consistent with this idea, figure 3.1 (right) 
displayed an EDA complex, though weak and in the UVA region, between sulfone 1b and DIPEA.  We 
probed this idea by intentionally subjecting dibromomalonate 4b, which normally took 18 h to reach 
completion, to UV-light with a hand-held UV lamp-designed for TLC analysis for just 1 minute and 
then returned the reaction to the blue LED light bath, we observed that the lag-time could also be 
avoided (scheme 3.7, eqn 2). 
In another attempt to probe the nature of the active catalyst which we suspected were streptocyanine 
dyes, we added 10 mol% sodium cyanoborohydride which we anticipated, and verified, would reduce 
the iminium but not the sulfone. Indeed, we observed that sodium cyanoborohydride slowed the 
conversion to the mono-bromide, though it did not stop it completely. (scheme 3.7, eqn 3).  The solution 
with the sodium cyanoborohydride remained colorless for longer than the control reaction, before 
eventually coloring.  The delayed coloring is consistent with reduction of the conjugated dye. 
Using a related commercially available streptocyanine dye, we were able to probe its catalytic ability 
(scheme 3.7, eqn 4). Sulfone 2b was subjected to debromination in the presence of a catalytic amount 
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of the commercial streptocyanine dye, which resulted in a rate enhancement compared with the 
standard. 




We have shown that two-step bromination/debromination is a viable approach to bromination, affording 
valuable building blocks in high yields.  We have also shown that the potential for a photochemical 
reaction should not be assumed based on the presences/absence of an EDA complex, and have provided 
useable insight into some of the causative agents at work.  Given the frequency of the use of tertiary 
amines in photocatalysis work, care should be taken to ensure that any added photocatalyst is truly the 
causative agent in respective applications-as formation of streptocyanine dyes may be occurring during 
the course of the reaction. 
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3.4 Experimental section 
All reagents were obtained from commercial suppliers (Aldrich, VWR, TCI Chemicals, and Oakwood 
Chemicals) and used without further purification unless otherwise noted. Acetonitrile (CH3CN) was 
dried for 48 h over activated 3 Å molecular sieves.  Distilled diisopropylethylamine was stored over 
KOH pellets with air tight light resistant container. 
Reactions were monitored by a combination of thin layer chromatography (TLC), (obtained from 
sorbent technologies Silica XHL TLC Plates, w/UV254, glass backed, 250 µm, 20 x 20 cm) and were 
visualized with ultraviolet light, potassium permanganate stain, GC-MS (QP 2010S, Shimadzu 
equipped with auto sampler) 19F NMR and 1H NMR (vide infra). Isolations were carried out using 
Teledyne Isco Combiflash Rf 200i flash chromatograph with Redisep Rf normal phase silica (4 g, 12 
g, 24 g, 40 g) with product detection at 254 and 288 nm and by ELSD (evaporative light scattering 
detection). NMR spectra were obtained on a 400 MHz Bruker Avance III spectrometer and Neo 600 
MHz.  1H and 13C NMR chemical shifts are reported in ppm relative to the residual protio solvent peak 
(1H, 13C). Photophysical properties were studied on Varian Cary Eclipse spectrophotometer. Mass 
spectra (HRMS) analysis was performed on LTQ-OrbitrapXL by Thermo Scientific ltd using a 
Heatedelectrospray ionization (H-ESI) source. 
Reactions were set up in a light bath which consists of Blue LEDs (λ max emission ~ 450 nm) or purple 
LEDs (λ max emission ~ 410 nm) as described below.  Blue LEDs (200 LEDs)/ purple LEDs (240 LEDs) 
were wrapped around the walls of glass crystallization dish and secured with masking tape and then 
wrapped with aluminum foil.  A lid which rest on the top was fashioned from cardboard and holes were 
made such that reaction tubes were held firmly in the cardboard lid which was placed on the top of 
bath.  Water was added to the bath such that the tubes were submerged in the water which was at 28 




Synthesis of alkyl bromide/chloride substrates: 
Alkyl bromides and alkyl chlorides were synthesized according to the literature procedures and some 
procedures were modified slightly to increase the yield of alkyl bromides and chlorides.4h, 28, 40 
Ethyl 2,2-dibromo-2-((2,6-difluorophenyl)sulfonyl)acetate 
Ethyl 2-((2,6-difluorophenyl)sulfonyl)acetate (1.0 g, 3.9 mmol, 1 equiv) and 
triethylamine (1.2 g, 11.7 mmol, 3 equiv) in 25 mL of DCM was stirred for 20 
min. Bromine (2.5 g, 15.6 mmol, 4 equiv) was added in to the reaction. The 
progress of the reaction was monitored by TLC. The reaction was stirred at room temperature for 15 h. 
After consumption of the starting material, the mixture was diluted with H2O (15 mL) and then 
extracted with EtOAc (3×15 mL).  The organic layers were combined and washed with brine then dried 
with MgSO4.  The crude product was concentrated in vacuo and purified via automated flash 
chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 19% on a 40 g silica 
column to afford 1b in 95% yield (3.7 mmol, 1.6 g).4h 1H NMR (400 MHz, CDCl3) δ 7.72 (tt, J = 8.4, 
5.7 Hz, 1H), 7.11 (ap t, J = 8.4 Hz, 2H), 4.39 (q, J = 7.2 Hz, 2H), 1.36 (t, J = 7.2 Hz, 3H). 19F NMR 
(376 MHz, CDCl3) δ -98.4 – -98.5 (m). 13C NMR (101 MHz, CDCl3) δ 163.4, 161.4 – 160.5 (dd), 138.8 
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(qd, J = 9.7, 8.2, 4.6 Hz), 114.1 (d, J = 4.6 Hz), 113.9 (d, J = 5.8 Hz), 71.0, 66.6, 14.1. HRMS (ESI) 
calcd. for [C10H8Br2F2O4SNa]+  [M+Na] +: m/z, 444.8355 found 444.8355. 
Ethyl 2,2-dibromo-2-(phenylsulfonyl)acetate 
Ethyl 2-(phenylsulfonyl)acetate (0.9 g, 3.9 mmol, 1 equiv) and triethylamine (1.2 
g, 11.7 mmol, 3 equiv) in 25 mL of DCM was stirred for 20 min. Bromine (2.5 g, 
15.6 mmol, 4 equiv) was added in to the reaction. The progress of the reaction 
was monitored by TLC. The reaction was stirred at room temperature for 17 h. After consumption of 
the starting material, the mixture was diluted with H2O (15 mL) and then extracted with EtOAc (3×15 
mL).  The organic layers were combined and washed with brine then dried with MgSO4.  The crude 
product was concentrated in vacuo and purified via automated flash chromatography using EtOAc in 
hexanes (0% to 100%) with product eluting at 21% on a 40 g silica column to afford 2b in 93% yield 
(3.6 mmol, 1.4 g).4h  1H NMR (400 MHz, CDCl3) δ 8.12 (dd, 2H), 7.75 (t, 1H), 7.60 (t, J = 7.9 Hz, 2H), 
4.35 (q, J = 7.1 Hz, 2H), 1.33 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 161.8, 135.9, 133.1, 
132.9, 129.1, 69.2, 66.0, 14.1. HRMS (ESI) calcd. for [C10H10Br2O4SNa] + [M+Na] +: m/z, 408.8544 
found 408.8541. 
Ethyl 2,2-dibromo-2-(methylsulfonyl)acetate 
Ethyl 2-(methylsulfonyl)acetate (0.7 g, 3.9 mmol, 1 equiv) and triethylamine (1.2 g, 
11.7 mmol, 3 equiv) in 25 mL of DCM was stirred for 20 min. Bromine (2.5 g, 15.6 
mmol, 4 equiv) was added in to the reaction. The progress of the reaction was 
monitored by TLC. The reaction was stirred at room temperature for 20 h. After consumption of the 
starting material, the mixture was diluted with H2O (15 mL) and then extracted with EtOAc (3×15 mL).  
The organic layers were combined and washed with brine then dried with MgSO4.  The crude product 
was concentrated in vacuo and purified via automated flash chromatography using EtOAc in hexanes 
(0% to 100%) with product eluting at 27% on a 40 g silica column to afford 3b in 90% yield (3.5 mmol, 
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1.1 g).4h  1H NMR (400 MHz, CDCl3) δ 4.42 (q, J = 7.1 Hz, 2H), 3.50 (s, 3H), 1.39 (t, J = 7.1 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 162.4, 67.1, 66.2, 37.3, 14.1. HRMS (ESI) calcd. for [C5H8Br2O4SNa] 
+ [M+Na] +: m/z, 346.8387 found 346.8385. 
Diethyl 2,2-dibromomalonate 
Bromine (2 g, 12.5 mmol, 4 equiv) was added into a solution of diethyl malonate 
(0.5 g, 3.12 mmol, 1 equiv) in 30 mL DCM. Then, the reaction was stirred at room 
temperature for 20 h. The progress of the reaction was monitored by TLC. After 
consumption of the starting material, the mixture was diluted with H2O (20 mL) and then extracted with 
EtOAc (3×15 mL).  The organic layers were combined and washed with brine then dried with MgSO4.  
The crude product was concentrated in vacuo and purified via automated flash chromatography using 
EtOAc in hexanes (0% to 100%) with product eluting at 7% on a 24 g silica column to afford 4b in 
96% yield (3 mmol, 0.95 g).40b, 41 
Ethyl 2,2-dibromo-2-cyanoacetate 
Bromine (2 g, 12.5 mmol, 4 equiv) was added into a solution of ethyl 2-cyanoacetate 
(0.4 g, 3.1 mmol, 1 equiv) in 30 mL DCM. The progress of the reaction was monitored 
by TLC. The reaction was stirred at room temperature for 20 h. After consumption of 
the starting material, the mixture was diluted with H2O (20 mL) and then extracted with EtOAc (3×15 
mL).  The organic layers were combined and washed with brine then dried with MgSO4.  The crude 
product was concentrated in vacuo and purified via automated flash chromatography using EtOAc in 
hexanes (0% to 100%) with product eluting at 9% on a 24 g silica column to afford 5b in 95% yield (3 






To a chilled (0 oC) 2 M solution of NaOH (5 mL), 1,5-dioxaspiro[5.5]undecane-2,4-dione 
(0.9 g, 5 mmol, 1 equiv) was added and stirred for 15 min to get homogeneous reaction 
mixture. Then, bromine (1.6 g, 10 mmol, 2 equiv) was added dropwise at 0 oC. After 
addition, the reaction was stirred for 45 minutes at 0 oC and solid crude was observed at 
the end of the reaction. Then, it was filtered and washed with distilled water and extracted with toluene 
(3 x 3 mL). The organic layers were dried over MgSO4 and concentrated in vacuo to afford 6b in 75% 
yield (3.8 mmol, 1.3 g).28d  1H NMR (400 MHz, CDCl3) δ 2.05 (t, 4H), 1.77 (p, J = 6.3 Hz, 4H), 1.52 
(p, J = 6.0 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 161.0, 108.6, 39.2, 36.8, 23.9, 22.3. HRMS (ESI) 
calcd. for [C9H10Br2O4Na] + [M+Na] +: m/z, 364.8823 found 364.8822. 
2,2-dibromo-1-phenylethan-1-one 
Bromine (1.4 g, 9 mmol, 2 equiv) was added dropwise over a period of 20 minutes into 
3 mL of anhydrous 1,4-dioxane at room temperature under a flow of Ar. Then, the 
reaction mixture was stirred for another 30 minutes. A solution of acetophenone (0.5 g, 
4.2 mmol, 1 equiv) in 2 mL of dioxane was added into the reaction mixture at once and stirred for 
another 5 h. At the end of the reaction, ice cold water (50 mL, 10 volumes with respect to the dioxane) 
was added to the reaction flask causing the product to precipitate which was filtered from solution.  The 
filtrate was washed with hexane to afford 7b in 92% yield (3.9 mmol, 1.1 g).28a, 43 
2,2-Dibromo-1-(4-(trifluoromethyl)phenyl)ethan-1-one 
Bromine (1.4 g, 9 mmol, 2 equiv) was added dropwise over a period of 20 minutes 
into 3 mL of anhydrous 1,4-dioxane at room temperature under a flow of Ar. Then, 
the reaction mixture was stirred for another 30 minutes. 1-(4-
(trifluoromethyl)phenyl)ethan-1-one (0.8 g, 4.2 mmol, 1 equiv) in 2 mL of dioxane was added into the 
reaction mixture at once and stirred for another 5 h. At the end of the reaction, ice cold water (50 mL, 
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10 volumes with respect to the dioxane) was added to the reaction flask causing the product to 
precipitate which was filtered from solution.  The filtrate was washed with hexane to afford 8b in 93% 
yield (3.9 mmol, 1.4 g).28a, 44 
2,2,2-tribromo-1-(4-(trifluoromethyl)phenyl)ethan-1-one 
To a solution of 1-(4-(trifluoromethyl)phenyl)ethan-1-one (0.5 g, 2.7 mmol, 1 
equiv) in AcOH (10 mL) and 3 mL of water, Br2 (2.1 g, 13.5 mmol, 5 equiv) was 
added at 0 °C. Then, the reaction mixture was brought to reflux for 60 h.  The 
reaction mixture was diluted with water and extracted with ethylacetate (3×10 mL). The organic layers 
were combined and washed with water, saturated aqueous NaHCO3 and brine. The organic layer was 
dried over MgSO4 and concentrated in vacuo. The crude product was purified via automated flash 
chromatography using DCM in hexanes (0% to 100%) with product eluting at 0.2% on a 40 g silica 
column to afford 9b in 45% yield (1.2 mmol, 0.5 g).45 
((1,1-Dibromoethyl)sulfonyl)benzene 
To (ethylsulfonyl)benzene (0.4 g, 2.2 mmol, 1 equiv) in anhydrous THF (11 mL) at -78 
°C was added n-BuLi (3 mL, 4.8 mmol, 1.6 M in hexane). Before addition of n-BuLi, it 
should be titrated to find the exact concentration of n-BuLi (as given below). After 
addition, the yellow mixture was allowed to warm to room temperature and then again cooled to -78 
°C. Bromine (1.1 g, 6.6 mmol, 3 equiv) was added slowly, and the mixture was then warmed to room 
temperature. The reaction was stirred at room temperature for 13 h. The reaction was diluted with 1 M 
NaHSO3, the mixture was extracted with diethyl ether (3 x 10 mL) and the combined extracts were 
dried over MgSO4 and concentrated. The collected crude was purified via automated flash 
chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 10% on a 24 g silica 




General procedure for n-BuLi titration: 
An oven dried 25 ml three neck flask equipped with an argon inlet adapter, a stirring bar and two rubber 
septa. The flask was charged with menthol (0.64 mmol, 100 mg), 2,2’-dipyridyl (2.5 mg) and 10 mL 
of dry THF. To the resulting solution is added n-BuLi via 1.0 mL syringe (graduated in 0.01 mL 
increments) in a dropwise fashion. During addition, it was observed that periodic quantities of a red 
colored complex appeared in the solution. It could be noted that in the early stage of the titration this 
red color dispersed rapidly. As one nears the endpoint, the red coloration required longer periods of 
time to disperse. At this point, it is necessary to slow the rate of addition. Eventually, the addition of a 
single drop of n-BuLi caused a persistent red coloration of the solution. Then, find the difference 
between initial and final volumes of n-BuLi to get the used volume of n-BuLi in the titration. Finally, 
calculate the molarity of n-BuLi.  
Calculation: 
100 mg menthol = 0.64 mmol which reacts with 0.64 mmol n-BuLi. 
This amount of n-BuLi is present in V ml (used volume in the titration) of the analyte. 
Since molarity equals mol/L, it also equals mmol/mL. Thus: 
0.64 mmol / V mL = Concentration of n-BuLi solution 
 
((Dibromo(phenyl)methyl)sulfonyl)benzene 
To (benzylsulfonyl)benzene (0.5 g, 2.2 mmol, 1 equiv) in anhydrous THF (11 mL) 
at -78 °C was added n-BuLi (3 mL, 4.8 mmol, 1.6 M in hexane). The yellow mixture 
was warmed to room temperature and then again cooled to -78 °C. Bromine (1.1 g, 
6.6 mmol, 3 equiv) was added in a single portion, and the mixture was then warmed to room 
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temperature. The reaction was stirred at room temperature for 10 h. The reaction was diluted with 1 M 
NaHSO3, the mixture was extracted with diethyl ether (3 x 10 mL) and the combined extracts were 
dried over MgSO4 and concentrated. The crude was purified via automated flash chromatography using 
EtOAc in hexanes (0% to 100%) with product eluting at 4% on a 24 g silica column to afford 11b in 
65% yield (1.43 mmol, 0.55 g). 4i, 28b 
2,2-Dibromo-6,6-dimethylcyclohexan-1-one 
A solution of 2,2-dimethylcyclohexan-1-one (0.5 g, 4 mmol, 1 equiv) in DCM (2 mL) 
was added dropwise to a solution of n-bromosuccinimide (1.6 g, 8.8 mmol, 2.2 equiv) 
and p-TsOH (0.13 g, 0.8 mmol, 0.2 equiv) in DCM (15 mL) at 0 °C. The reaction mixture 
was then brought to reflux for 15 h. After addition of H2O (10 mL), the organic layer was separated, 
and the aqueous layer was extracted with CH2Cl2 (3 × 10 mL). The combined organic layer was washed 
with saturated aqueous NaHCO3 and brine, dried over anhydrous MgSO4, and concentrated under 
reduced pressure. The residue was purified via automated flash chromatography using EtOAc in 
hexanes (0% to 100%) with product eluting at 0.1% on a 24 g silica column to afford 12b in 85% yield 
(3.4 mmol, 1.0 g).28c, 46 
(Dibromomethyl)benzene 
13b was synthesized according to a modified literature procedure. Benzyl bromide (0.4 g, 
2.3 mmol, 1 equiv), N-bromosuccinimide (0.5 g, 2.6 mmol, 1.1 equiv) and 
azobis(isobutyronitrile) (3 mg, 0.01 mmol, 0.006 equiv) in 10 mL of CCl4 was heated for 
10 h under reflux. The mixture was cooled and the precipitate (succinimide) was filtered off and washed 
with 5 mL of CCl4, and the filtrate was washed in succession with a 5% solution of Na2SO3, a 10% 
solution of Na2CO3, and water and dried over MgSO4. The solvent was removed, and the residue was 
purified via automated flash chromatography using EtOAc in hexanes (0% to 100%) with product 




Ethyl 2-((2,6-difluorophenyl)sulfonyl)acetate (1 g, 3.9 mmol, 1 equiv) and 
triethylamine  (1.18 g,  11.7 mmol, 3 equiv) in 25 mL of DCM was stirred for 20 
min. N-chlorosuccinimide (1.6 g, 11.7 mmol, 3 equiv) was added in to the 
reaction. The progress of the reaction was monitored by TLC. The reaction was stirred at room 
temperature for 21 h. After consumption of the starting material, the mixture was diluted with H2O (15 
mL) and then extracted with EtOAc (3×10 mL).  The organic layers were combined and washed with 
brine then dried with MgSO4.  The crude product was concentrated in vacuo and purified via automated 
flash chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 30% on a 40 g 
silica column to afford 14b in 80% yield (3.1 mmol, 1.01 g). 1H NMR (400 MHz, CDCl3) δ 7.74 (tt, J 
= 8.5, 5.7 Hz, 1H), 7.11 (ap t, J = 16.8 Hz, 2H), 4.42 (q, J = 7.2 Hz, 2H), 1.38 (t, J = 7.2 Hz, 3H). 19F 
NMR (376 MHz, CDCl3) δ -99.3 (ddd, J = 8.9, 5.8, 2.9 Hz). 13C NMR (151 MHz, CDCl3) δ 161.6 (dd, 
J = 266.5, 2.6 Hz), 160.4, 138.4 (t, J = 11.5 Hz), 113.6, 113.4 (d, J = 4.6 Hz), 93.6, 66.0, 13.6. HRMS 
(ESI) calcd. for [C10H8Cl2F2O4SNa]+  [M+Na] +: m/z, 354.9386 found 354.9383. 
Ethyl 2,2,2-trichloroacetate 
A mixture of trichloroacetic acid (0.7 g, 4.3 mmol, 1 equiv), concentrated sulfuric acid 
(0.1 mL), and ethanol (5 mL) was refluxed for 7 h. Then the flask was cooled to room 
temperature, water (10 mL) was added to the content of the flask, and the crude was 
extracted with diethyl ether (3×10 mL). The organic layers were combined and washed with a 10% 
sodium carbonate solution and dried with anhydrous MgSO4. The solvent was removed, and the residue 
was purified via automated flash chromatography using EtOAc in hexanes (0% to 100%) with product 






A mixture of trichloroacetic acid (0.7 g, 4.3 mmol, 1 equiv), concentrated sulfuric 
acid (0.1 mL), and benzyl alcohol (1.4 g, 12.9 mmol, 3 equiv) in 10 mL of MeCN 
was refluxed for 5 h. Then the flask was cooled to room temperature, water (10 mL) was added to the 
content of the flask, and the crude was extracted with diethyl ether (3×10 mL). The combined organic 
extracts were washed with a 10% sodium carbonate solution and dried with anhydrous MgSO4. The 
solvent was removed, and the residue was purified via automated flash chromatography using EtOAc 
in hexanes (0% to 100%) with product eluting at 0.5% on a 24 g silica column to afford 16b in 70% 
yield (3 mmol, 0.76 g).40a, 49 
Optimization of hydrodebromination: 





















Time-dependent UV/Vis spectra of hydrodebromination reaction of 1b: 
 
Brominated compound 1b (101.3 mg, 0.24 mmol, 1 equiv) and N, N-diisopropylethylamine (62.8 μL, 
0.36 mmol, 1.5 equiv) was added into 1 cm path quartz cuvette and total volume was adjusted to 2.4 
mL by adding MeCN to the cuvette. Then, the blue light on a fiber optic cable was dipped in the cuvette 
and reaction was irradiated. UV-Vis spectra were recorded for the reaction at different reaction times 
using Varian Cary Eclipse spectrophotometer.  The appearance of an absorption band in the visible 
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region as a function of time is consistent with the formation of a streptocyanine dye as the reaction 
progresses. 





















































































An NMR tube fitted with a rubber septum was charged with brominated sulfone 1b (50.6 mg, 0.12 
mmol, 1 equiv), N, N-diisopropylethylamine (31.4 μL, 0.18 mmol, 1.5 equiv) and MeCN (1.2 mL). 
Then the reaction mixture was spiked with a 20 μL aliquot of reaction mixture of 2b at 50% conversion.  
The reaction tube was covered with piece of aluminum foil to avoid ambient light and degassed via Ar 
bubbling for 10 min. Then the piece of aluminum foil was removed and the tube was placed in a blue 
LED bath. Meanwhile, a control experiment was set up without any reaction mixture of 2b. The 
reactions were monitored by 19F NMR. After 8 min, the spiked reaction showed 70% conversion while 
the control experiment showed only 40% conversion, indicating that a species formed during the 
reaction of a different substrate was capable of accelerating the formation of a different product.  This 




An NMR tube fitted with a rubber septum was charged with brominated compound 4b (38.15 mg, 0.12 
mmol, 1 equiv), N, N-diisopropylethylamine (41.8 μL, 0.24 mmol, 2 equiv) and MeCN (01.2 mL). The 
reaction tube was covered with piece of aluminum foil to avoid ambient light and degassed via Ar 
bubbling for 10 min. The piece of aluminum foil was removed and the colorless reaction mixture was 
irradiated with the long wavelength UV light (360 nm) produced by a hand held TLC lamp, for 1 min. 
Then, the tube was returned to a blue LED bath. Meanwhile, the control experiment was immediately 
placed in the same blue LED bath. The reactions were monitored by 1H NMR. After 2 h, the UV-
exposed reaction mixture showed 32% conversion while the control experiment showed only 15% 





An NMR tube fitted with a rubber septum was charged with brominated compound 1b (50.6 mg, 0.12 
mmol, 1 equiv), N, N-diisopropylethylamine (31.4 μL, 0.18 mmol, 1.5 equiv), NaBH3CN (0.8 mg, 
0.012 mmol, 0.1 equiv) and MeCN (1.2 mL). The reaction tube was covered with piece of aluminum 
foil to avoid ambient light and degassed via Ar bubbling for 10 min. Then, the piece of aluminum foil 
was removed and the tube was placed in a blue LED bath.  Meanwhile, a control experiment was set 
up containing no NaBH3CN. The reactions were monitored by 19F NMR. After 9 min, the reaction 
mixture containing NaBH3CN showed only 28% conversion, while the positive control experiment 
showed 53% conversion.  Indicating the presence of the hydride source retarded the rate of the reaction.  
Importantly, a dark version of this reaction showed that the NaBH3CN did not reduce the substrate. 
Exp 4: 
 
An NMR tube fitted with a rubber septum was charged with brominated compound 4b (38.15 mg, 0.12 
mmol, 1 equiv), N, N-diisopropylethylamine (41.8 μL, 0.24 mmol, 2 equiv), NaBH3CN (0.8 mg, 0.012 
mmol, 0.1 equiv) and MeCN (1.2 mL). The reaction tube was covered with piece of aluminum foil to 
avoid ambient light and degassed via Ar bubbling for 10 min. Then, the piece of aluminum foil was 
removed and the tube was placed in a blue LED bath. The control experiment was set up without adding 
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NaBH3CN. The reactions were monitored by 1H NMR. After 10 h, the reaction containing the 
NaBH3CN showed only 25% conversion while the positive control experiment gave 65% conversion.  
Again, this experiment shows that the presence of the hydride source retarded the rate of the reaction.  
Importantly, a dark version of this reaction showed that the NaBH3CN did not reduce the substrate.  A 
further observation concerning experiments 3 and 4 was the slowing of the formation of colored 
reaction mixture.  These observations are consistent with a streptocyanine based dye in which the 
iminium functional group would be expected to be reduced by the NaBH3CN. 
Evidence for streptocyanine dye: 
A 12×75 mm borosilicate tube fitted with a rubber septum was charged with brominated compound 1b 
(50.6 mg, 0.12 mmol, 1 equiv), N, N-diisopropylethylamine (31.4 μL, 0.18 mmol, 1.5 equiv) and MeCN 
(1.2 mL). The reaction tube was covered with piece of aluminum foil to avoid ambient light and 
degassed via Ar bubbling for 10 min.  The tube was placed in a blue LED bath which was at 28 oC. The 
reaction was monitored by the Expression Compact Mass Spectrometer (CMS)- Advion in the positive 
detection mode to detect the cyanine dyes. Mass spectrum of crude reaction when t=7 min has given 
below. It revealed masses of 255, 238 and 169 which could explain the following streptocyanine dye 
and its hydrolyzed products. Furthermore, after complete conversion of 1b, crude reaction was 
subjected to GCMS. It also showed hydrolyzed product of streptocyanine dye. Attempts to isolate the 




                                                   
                                                                  




GC- MS of crude reaction when t= 45 min 
 
Supportive experiments:  
1) Experiments related to streptocyanine dye  
We postulate that a streptocyanine dye formed under the reaction conditions, and that it is responsible 
for photoinduced electron transfer process. We have performed several experiments that are consistent 
with our hypothesis.  While the exact dye we believe to be involved was not commercially available, 





Following reaction was performed using a catalytic amount of this streptocyanine dye.  This allowed 
to see if the reaction was accelerated by the presence of this dye. 
 
An NMR tube fitted with a rubber septum was charged with brominated sulfone 1b (50.6 mg, 0.12 
mmol, 1 equiv), N, N-diisopropylethylamine (31.4 μL, 0.18 mmol, 1.5 equiv), streptocyanine dye (8.2 
mg, 0.03 mmol, 0.25 equiv) and MeCN (1.2 mL). The reaction tube was covered with piece of 
aluminum foil to avoid ambient light and degassed via Ar bubbling for 10 min. Then, the piece of 
aluminum foil was removed and the tube was placed in a blue LED bath. Meanwhile, a control 
experiment was set up without any streptocyanine dye in the reaction. The reactions were monitored 
by 19F NMR. After 20 min, streptocyanine dye contained reaction showed 91% conversion while the 
control experiment (without streptocyanine dye) showed only 67% conversion, indicating that having 
streptocyanine dye accelerates the rate of the reaction.  
A control experiment showing that the streptocyanine dye itself does not serve as a stoichiometric 
reagent in the debromination was performed. 
 
An NMR tube fitted with a rubber septum was charged with brominated sulfone 1b (50.6 mg, 0.12 
mmol, 1 equiv), streptocyanine dye (8.2 mg, 0.03 mmol, 0.25 equiv) and MeCN (1.2 mL). The reaction 
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tube was covered with piece of aluminum foil to avoid ambient light and degassed via Ar bubbling for 
10 min. Then, the piece of aluminum foil was removed and the tube was placed in a blue LED bath. 
The reaction was monitored by 19F NMR. After 1 h, reaction showed 0% conversion indicating that 
having DIPEA is necessary for the reaction.  
A similar experiment was performed on a second substrate.  Again, a similar acceleration was seen.  It 
should be noted that the inflection in the rate profile is still observed.  We believe that this explained 
by the formation of the dye during the course of the reaction, which may be even more active than the 
commercially available dye. 
 
An NMR tube fitted with a rubber septum was charged with diethyl 2,2-dibromomalonate 4b (19.1 mg, 
0.06 mmol, 1 equiv), N, N-diisopropylethylamine (21 μL, 0.12 mmol, 2 equiv) streptocyanine dye (3.3 
mg, 0.012 mmol, 0.2 equiv) and MeCN (0.6 mL). The reaction tube was covered with piece of 
aluminum foil to avoid ambient light and degassed via Ar bubbling for 10 min. Then the piece of 
aluminum foil was removed and the tube was placed in a blue LED bath. Meanwhile, a control 
experiment was set up without any streptocyanine dye in the reaction. The reactions were monitored 
by 1H NMR. Different time points were collected to plot a graph time vs product conversion as below. 





UV-Vis experiments of streptocyanine dye: 
UV/Vis spectra were recorded using 1 cm path quartz cuvette and Varian Cary Eclipse 
spectrophotometer. MeCN was used as the solvent. UV/Vis spectra were recorded for following 
mixtures.  
1. Streptocyanine dye (0.012 mmol of streptocyanine dye in 2.1 ml total volume of MeCN) 
2. DIPEA (0.06 mmol of DIPEA in 2.1 ml total volume of MeCN) 
3. Streptocyanine dye and DIPEA (0.012 mmol of streptocyanine dye and 0.06 mmol of DIPEA in 2.1 
ml total volume of MeCN) 

































































Reaction of 1b with 100% conversion






Commercial streptocyanine dye absorbs in the visible region with λ= 413 nm. Reaction of 1b with 
100% conversion also absorbs in the same visible region. 
Expansion of the above spectrum: 
 
 
2) Br2 related experiments 
During the debromination reactions, upon irradiation of the reaction mixture with blue LEDs, it was 
noted that the appearance of the reaction mixture changed from colorless to deep yellow and later to 
yellowish brown.  It was suggested that the brownish color may result from the formation of Br2.   The 




















Reaction of 1b with 100% conversion





Experiment 1: Addition of Br2 to the reaction 
 
An NMR tube fitted with a rubber septum was charged with brominated sulfone 1b (50.6 mg, 0.12 
mmol, 1 equiv), N, N-diisopropylethylamine (31.4 μL, 0.18 mmol, 1.5 equiv), bromine (2.5 μL, 0.048 
mmol, 0.4 equiv) and MeCN (1.2 mL). The reaction tube was covered with piece of aluminum foil to 
avoid ambient light and degassed via Ar bubbling for 10 min. Then the piece of aluminum foil was 
removed and the tube was placed in a blue LED bath. Meanwhile, a control experiment was set up 
without any bromine in the reaction. The reactions were monitored by 19F NMR. After 30 min, the 
bromine contained reaction showed only 5% conversion while the control experiment (normal 
conditions-no Br2) gave 90% conversion, indicating that bromine significantly retarded the rate of the 
reaction.  
Experiment 2: Addition of bromine scavenger to the reaction 
Bromination of (E)-1,2-diphenylethene is well known reaction in literature.13, 50 If the reaction forms 
bromine in the reaction, (E)-1,2-diphenylethene would react with bromine and form the di-brominated 





 An NMR tube fitted with a rubber septum was charged with brominated sulfone 1b (50.6 mg, 0.12 
mmol, 1 equiv), N, N-diisopropylethylamine (31.4 μL, 0.18 mmol, 1.5 equiv), (E)-1,2-diphenylethene 
(43.3 mg, 0.24 mmol, 2 equiv) and MeCN (1.2 mL). The reaction tube was covered with piece of 
aluminum foil to avoid ambient light and degassed via Ar bubbling for 10 min. Then the piece of 
aluminum foil was removed and the tube was placed in a blue LED bath. After 50 min, the reaction 
was monitored by 19F NMR and it showed complete conversion with 90% product. Then, the reaction 
was subjected to GCMS. It did not show the mass of the dibrominated stilbene product. 
Experiment 3: Addition of bromine scavenger Na2S2O3 to the reaction 
Na2S2O3 can react with bromine and which would be expect to decolorize the brownish colored 
solution. 
 
An NMR tube fitted with a rubber septum was charged with brominated sulfone 1b (50.6 mg, 0.12 
mmol, 1 equiv), N, N-diisopropylethylamine (31.4 μL, 0.18 mmol, 1.5 equiv), Na2S2O3 (47.4 mg, 0.3 
mmol, 2.5 equiv) and MeCN (1.2 mL). The reaction tube was covered with piece of aluminum foil to 
avoid ambient light and degassed via Ar bubbling for 10 min. Then the piece of aluminum foil was 
removed and the tube was placed in a blue LED bath. After 20 min, the reaction was monitored by 19F 
NMR. Na2S2O3 contained reaction showed 67% conversion while the control experiment showed 50% 
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conversion. By visual inspection, the same brown color and intensity was observed for both the 
reactions. 
Experiment 4: UV-Vis experiment 
UV/Vis spectra were recorded using 1 cm path quartz cuvette and Varian Cary Eclipse 
spectrophotometer. MeCN was used as the solvent. UV/Vis spectra were recorded for following 
mixtures.  
1. Bromine (0.06 mmol of Br2 in 2.1 ml total volume of MeCN) 
2. Bromine and DIPEA (0.06 mmol of Br2 and 0.06 mmol of DIPEA in 2.1 ml total volume of MeCN) 
3. Reaction of 1b at 80% conversion  
                      
4. Reaction of 1b at 80% conversion (as above) and bromine (0.06 mmol) 
While bromine does absorb in the visible region with λmax= 468 nm, the reaction mixture of 1b (at 80% 
conversion) absorbs the visible region with λmax= 393 nm.  This suggests that bromine is neither present 

























Reaction of 1b with 80% conv




















Reaction of 1b with 80% conv





3) For the direct EDA pathway, it is proposed that a halogen-nitrogen EDA complex results in a 
bathochromic shift which enables excitation and subsequent loss of a bromide anion. This is based on 
a UV shift observed with substrate 7b when mixed with DIPEA.  The UV shift could be as a direct 
result of deprotonation forming a charged species leading to a UV shift and not due to the EDA 
complex. 
   To be clear, this is only possible for two substrates 7b and 8b which have acidic protons.  Arguably, 
if we formed the enolate, the absorption spectrum would likely look substantially different than the 
EDA complex.  Thus, we performed UV-Vis experiments on 8b and 9b, which are nearly identical 
except that the last acidic proton is replaced with a bromine.  We observed similar spectra, and think 
it is likely that these two classes of substrates still proceed through an EDA complex, though we cannot 
completely rule out the suggested possibility.   
   A UV-Vis experiment was performed on 9b which could not undergo such a mechanism as that 
suggested by the reviewer.  Like 8b, it also displays a bathochromic shift 7b, suggesting that these two 
may be undergoing the same mechanism.  The following spectra were recorded. 
 
1. 8b or 9b (0.21 mmol of 8b or 9b in 2.1 mL total volume of MeCN) 





Expansion of the above spectrum: 
 
 
4) Purple LEDs and a vast excess of DIPEA are used in particular for dehalogenation of chlorides. This 
supports a hypothesis that an initial homolytic cleavage is necessary which ultimately leads to 










































These conditions also are expected to facilitate the reaction under our proposed mechanism, unlike the 
proposed homolysis radical chain mechanism.   
Sulfone 14b formed an EDA complex that absorbed in the UV region (given in the below), but not in 
the visible (hence not visually detectable).  As shown below the absorption of in MeCN approaches 
zero near 319 nm but a 1:4 mixture of 14b and DIPEA showed a slight bathochromic displacement but 
its absorbance drops off before it reaches the visible region.  This study, included in the SI, indicates 
that the EDA complex is likely the only species that can absorb a photon, suggesting that a radical chain 
mechanism that involves continual homolysis is unlikely.   
UV/Vis spectra were recorded using 1 cm path quartz cuvette and Varian Cary Eclipse 
spectrophotometer. MeCN was used as the solvent. UV/Vis spectra were recorded for following 
mixtures.  
1. 14b (0.06 mmol of 14b in 2.1 mL total volume of MeCN)                                    
2. DIPEA (0.24 mmol of DIPEA in 2.1 mL total volume of MeCN) 
3. 14b & DIPEA (0.06 mmol of 14b and 0.24 mmol of DIPEA in 2.1 mL total volume of 
MeCN) 
sulfone 14b did not form any visually detectable EDA complex which was supported by UV-Vis 
experiments. As shown below the absorption of in MeCN approaches zero near 319 nm but a 1:4 
mixture of 14b and DIPEA showed a slight bathochromic displacement but its absorbance too drops 





           











































Substrate 14b + DIPEA
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Light mediated dehalogenation 
General procedure a for hydrodebromination: 
 
 
A 12×75 mm borosilicate tube fitted with a rubber septum was charged with brominated compound 
(0.12 mmol, 1 equiv), N, N-diisopropylethylamine (X equivalent of amine) and MeCN (1.2 mL). The 
reaction tube was covered with piece of aluminum foil to avoid ambient light and degassed via Ar 
bubbling for 10 min and then left under positive Ar pressure by removing the exit needle. Then, the 
piece of aluminum foil was removed and the tube was placed in a blue LED bath (description above) 
and the lower portion of the tube was submerged under the water bath which was at 28 oC. The reaction 
was monitored by TLC, 1H NMR or GC-MS. After the completion of selective debromination, MeCN 
was removed via rotovap and the residue was treated with sat. NaHCO3 solution (2 mL) and extracted 
with DCM (3 x 2 mL). The organic portions were combined and dried over anhydrous MgSO4. The 
crude product was concentrated in vacuo and purified via normal phase chromatography. 
 
Ethyl 2-bromo-2-((2,6-difluorophenyl)sulfonyl)acetate 
The general procedure A was followed using ethyl 2,2-dibromo-2-((2,6-
difluorophenyl)sulfonyl)acetate (50.6 mg, 0.12 mmol, 1 equiv) and N, N-
diisopropylethylamine (31.4 μL, 0.18 mmol, 1.5 equiv) in 1.2 mL MeCN. After 
the completion of the reaction in 45 min, the crude was purified via automated flash chromatography 
using ether in hexanes (0% to 100%) with product eluting at 30% on a 4 g silica column to afford 1c in 
93% yield (38 mg, 0.112 mmol) as an oil. 1H NMR (400 MHz, CDCl3) δ 7.69 (tt, J = 8.5, 5.9 Hz, 1H), 
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7.10 (t, J = 8.4 Hz, 2H), 5.48 (s, 1H), 4.36 – 4.24 (m, 2H), 1.29 (t, J = 7.1 Hz, 3H). 19F NMR (376 MHz, 
CDCl3) δ -103.4 (dd, J = 8.4, 5.8 Hz). 13C NMR (101 MHz, CDCl3) δ 161.1 (dd, J = 263.5, 3.0 Hz), 
161.3, 137.7 (t, J = 11.4 Hz), 113.8 – 113.6 (m), 113.6 – 113.4 (m), 64.5, 60.4, 13.9. GC/MS (m/z, 
relative intensity) 263 (30), 224 (1), 154 (100). The compound produced thermally generated impurities 
under GC conditions. HRMS (ESI) calcd. for [C10H8BrF2O4S] ̄  [M-H] ̄   m/z, 340.9295 found 340.9301. 
 
Ethyl 2-bromo-2-(phenylsulfonyl)acetate 
The general procedure A was followed using ethyl 2,2-dibromo-2-
(phenylsulfonyl)acetate (46.3 mg, 0.12 mmol) and N, N-diisopropylethylamine 
(31.4 μL, 0.18 mmol, 1.5 equiv) in 1.2 mL MeCN. After the completion of the 
reaction in 2 h, the crude was purified via automated flash chromatography using EtOAc in hexanes 
(0% to 100%) with product eluting at 23% on a 4 g silica column to afford 2c in 92% yield (33.8 mg, 
0.11 mmol) as an oil. 1H NMR (400 MHz, CDCl3) δ 7.98 (d, J = 7.3 Hz, 2H), 7.73 (t, J = 7.5 Hz, 1H), 
7.60 (t, J = 7.8 Hz, 2H), 5.24 (s, 1H), 4.25 (q, J = 7.1 Hz, 2H), 1.26 (t, J = 7.1 Hz, 3H). 13C NMR (101 
MHz, CDCl3) δ 162.1, 134.9, 134.5, 130.4, 128.8, 63.7, 58.4, 13.6. GC/MS (m/z, relative intensity) 306 
(M+, 1), 280 (1), 141 (60). The compound produced thermally generated impurities under GC 
conditions. HRMS (ESI) calcd. for [C10H10BrO4S] ¯  [M-H] ¯  m/z, 304.9483 found 304.9492. 
 
Ethyl 2-bromo-2-(methylsulfonyl)acetate 
The general procedure A was followed using ethyl 2,2-dibromo-2-
(methylsulfonyl)acetate (38.9 mg, 0.12 mmol) and N, N-diisopropylethylamine (31.4 
μL, 0.18 mmol, 1.5 equiv) in 1.2 mL MeCN. After the completion of the reaction in 3 h, the crude 
was purified via automated flash chromatography using ether in hexanes (0% to 100%) with product 
eluting at 28% on a 4 g silica column to afford 3c in 90% yield (26.5 mg, 0.108 mmol) as an oil. 1H 
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NMR (400 MHz, CDCl3) δ 5.04 (s, 1H), 4.35 (q, J = 7.1 Hz, 2H), 3.28 (s, 3H), 1.36 (t, J = 7.1 Hz, 
3H). 13C NMR (101 MHz, CDCl3) δ163.2, 64.3, 55.8, 37.2, 13.9. GC/MS (m/z, relative intensity) 216 
(10), 166 (10), 120 (100). The compound produced thermally generated impurities under GC 
conditions. HRMS (ESI) calcd. for [C5H8BrO4S] ¯[M-H] ¯  m/z, 242.9327 found 242.9335. 
 
Diethyl 2-bromomalonate 
The general procedure A was followed using diethyl 2,2-dibromomalonate (38.15 
mg, 0.12 mmol) and N, N-diisopropylethylamine (41.8 μL, 0.24 mmol, 2 equiv) 
in 1.2 mL MeCN. After the completion of the reaction in 18 h, the crude was 
purified via automated flash chromatography using EtOAc in hexanes (0% to 100%) with product 
eluting at 7% on a 4 g silica column to afford 4c in 91% yield (26.2 mg, 0.109 mmol) as an oil. NMR 
chemical shifts and mass spectrum details have reported in literature51  and NMR chemical shifts match 
with the literature values.  1H NMR (400 MHz, CDCl3) δ 4.81 (s, 1H), 4.28 (q, J = 7.1 Hz, 4H), 1.30 (t, 
J = 7.1 Hz, 6H).13C NMR (101 MHz, CDCl3) δ 165.0, 63.7, 42.8, 14.3. 
 
Ethyl 2-bromo-2-cyanoacetate 
The general procedure A was followed using ethyl 2,2-dibromo-2-cyanoacetate (32.5 
mg, 0.12 mmol) and N, N-diisopropylethylamine (41.8 μL, 0.24 mmol, 2 equiv) in 1.2 
mL MeCN. After the completion of the reaction in 19 h, the crude was purified via automated flash 
chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 12% on a 4 g silica 
column to afford 5c in 89% yield (20.5 mg, 0.107 mmol) as an oil. NMR chemical shifts and mass 
spectrum details have reported in literature52 and NMR chemical shifts match with the literature values.  




The general procedure A was followed using 3,3-dibromo-1,5-dioxaspiro[5.5]undecane-
2,4-dione (41 mg, 0.12 mmol) and N, N-diisopropylethylamine (41.8 μL, 0.24 mmol, 2 
equiv) in 1.2 mL MeCN. After the completion of the reaction in 18 h, the crude was 
purified via silica plug to afford 6c in 85% yield as a mixture of 89:11 monodebrominated 
to didebrominated product based on 1H NMR. 1H NMR (400 MHz, CDCl3) δ 5.13 (s, 1H), 2.17 – 2.09 
(m, 2H), 2.04 – 1.94 (m, 4H), 1.81 – 1.72 (m, 4H), 1.57 – 1.44 (m, 2H). 13C NMR (101 MHz, CDCl3) 
δ161.4, 108.6, 37.2, 37.0, 35.1, 24.3, 22.7, 22.6. This compound decomposed under GC conditions. 
HRMS (ESI) calcd. for [C9H10BrO4] ¯ [M-H] ¯ m/z, 260.9762 found 260.9782. 
 
2-Bromo-1-phenylethan-1-one 
The general procedure A was followed using 2,2-dibromo-1-phenylethan-1-one (33.4 
mg, 0.12 mmol) and N, N-diisopropylethylamine (41.8 μL, 0.24 mmol, 2 equiv) in 1.2 
mL MeCN. After the completion of the reaction in 21 h, the crude was purified via 
automated flash chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 3% on 
a 4 g silica column to afford 7c in 93% yield (22.2 mg, 0.112 mmol) as an oil. NMR chemical shifts 
and mass spectrum details have reported in literature53 and NMR chemical shifts match with the 
literature values.  1H NMR (400 MHz, CDCl3) δ 7.98 (dd, 2H), 7.61 (tt, J = 6.9, 1.3 Hz, 1H), 7.55 – 







The general procedure A was followed using 2,2-dibromo-1-(4-
(trifluoromethyl)phenyl)ethan-1-one (41.5 mg, 0.12 mmol) and N, N-
diisopropylethylamine (41.8 μL, 0.24 mmol, 2 equiv) in 1.2 mL MeCN. After the 
completion of the reaction in 20 h, the crude was purified via automated flash chromatography using 
EtOAc in hexanes (0% to 100%) with product eluting at 1% on a 4 g silica column to afford 8c in 94% 
yield (30.1 mg, 0.113 mmol) as an oil. 1H NMR (400 MHz, CDCl3) δ 8.11 (d, J = 8.2 Hz, 2H), 7.77 (d, 
J = 8.3 Hz, 2H), 4.45 (s, 2H). 19F NMR (376 MHz, CDCl3) δ-63.3. 13C NMR (101 MHz, CDCl3) δ190.5, 
137.5 – 136.0 (m), 135.3 (q, J = 32.8 Hz), 129.5, 126.1 (q, J = 3.7 Hz), 123.5 (q, J = 272.9 Hz), 30.4. 
GC/MS (m/z, relative intensity) 266 (M+, 1), 173 (100), 145 (50). The compound produced thermally 
generated impurities under GC conditions. HRMS (ESI) calcd. for [C9H5BrF3O] ¯  [M-H] ¯  m/z, 
264.9476 found 264.9484. 
 
2,2-Dibromo-1-(4-(trifluoromethyl)phenyl)ethan-1-one 
The general procedure A was followed using 2,2,2-tribromo-1-(4-
(trifluoromethyl)phenyl)ethan-1-one (51 mg, 0.12 mmol) and N, N-
diisopropylethylamine (31.4 μL, 0.18 mmol, 1.5 equiv) in 1.2 mL MeCN. After 
the completion of the reaction in 10 h, the crude was purified via automated flash chromatography using 
EtOAc in hexanes (0% to 100%) with product eluting at 0.1% on a 4 g silica column to afford 9c in 
88% yield (36.7 mg, 0.106 mmol) as an oil. 1H NMR (400 MHz, CDCl3) δ 8.23 (d, J = 8.2 Hz, 2H), 
7.78 (d, J = 8.3 Hz, 2H), 6.62 (s, 1H). 19F NMR (376 MHz, CDCl3) δ -63.4. 13C NMR (101 MHz, 
CDCl3) δ185.5, 136.0 (q, J = 33.0 Hz), 134.4 – 133.9 (m), 130.7, 127.81 (q, J = 272.9 Hz), 126.4 (q, J 
= 3.7 Hz), 39.5. GC/MS (m/z, relative intensity) 327(1), 266 (1), 173 (100). The compound produced 
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thermally generated impurities under GC conditions. HRMS (ESI) calcd. for [C9H4Br2F3O] ¯ [M-H] ¯  
m/z, 344.8561 found 344.8568. 
 
((1-Bromoethyl)sulfonyl)benzene 
The general procedure A was followed using ((1,1-dibromoethyl)sulfonyl)benzene (39.4 
mg, 0.12 mmol) and N, N-diisopropylethylamine (41.8 μL, 0.24 mmol, 2 equiv) in 1.2 
mL MeCN. After the completion of the reaction in 22 h, the crude was purified via 
automated flash chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 10% 
on a 4 g silica column to afford 10c in 90% yield (27 mg, 0.108 mmol) as an oil. NMR chemical shifts 
and mass spectrum details have reported in literature4i and mass spectrum details match with the 
literature values. GC/MS (m/z, relative intensity) 248 (M+, 2), 250 (M+ + 2, 2), 125 (90), 77 (100). 
 
((Bromo(phenyl)methyl)sulfonyl)benzene 
The general procedure A was followed using 
((dibromo(phenyl)methyl)sulfonyl)benzene (46.8 mg, 0.12 mmol) and N, N-
diisopropylethylamine (41.8 μL, 0.24 mmol, 2 equiv) in 1.2 mL MeCN. After the 
completion of the reaction in 20 h, the crude was purified via automated flash chromatography using 
EtOAc in hexanes (0% to 100%) with product eluting at 6% on a 4 g silica column to afford 11c in 
91% yield (34 mg, 0.109 mmol) as an oil. NMR chemical shifts and mass spectrum details have reported 
in  literature 4i  and NMR chemical shifts match with the literature values.  1H NMR (400 MHz, CDCl3) 
δ 7.70 (dd, J = 8.4, 1.2 Hz, 2H), 7.66 – 7.61 (m, 1H), 7.50 – 7.43 (m, 2H), 7.40 – 7.33 (m, 3H), 7.33 – 
7.27 (m, 2H), 5.70 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 135.0, 134.6, 131.2, 130.5, 130.4, 130.2, 




The general procedure A was followed using 2,2-dibromo-6,6-dimethylcyclohexan-1-one 
(34.1 mg, 0.12 mmol) and N, N-diisopropylethylamine (41.8 μL, 0.24 mmol, 2 equiv) in 
1.2 mL MeCN. After the completion of the reaction in 25 h, the crude was purified via 
automated flash chromatography using diethyl ether in hexanes (0% to 100%) with product eluting at 
1% on a 4 g silica column to afford 12c in 89% yield (21.9 mg, 0.107 mmol) as an oil. NMR chemical 
shifts and mass spectrum details have reported in literature54 and mass spectrum details match with the 
literature values. GC/MS (m/z, relative intensity) 204 (M+, 10), 206 (M+ + 2, 10), 97 (70), 69 (100).   
 
(Bromomethyl)benzene 
The general procedure A was followed using (dibromomethyl)benzene (30 mg, 0.12 
mmol) and N, N-diisopropylethylamine (83.6 μL, 0.48 mmol, 4 equiv) in 1.2 mL MeCN. 
After the completion of the reaction in 72 h, the crude was purified via automated flash 
chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 0.1% on a 4 g silica 
column to afford 13c in 80% yield (16.4 mg, 0.096 mmol) as an oil. NMR chemical shifts match with 
the literature values.55  1H NMR (400 MHz, CDCl3) δ 7.40 (dd, J = 8.2, 1.5 Hz, 2H), 7.35 (ddd, J = 7.4, 








Hydrodebromination in large scale 
 
 
A 18×150 mm borosilicate tube fitted with a rubber septum was charged with 1b (422 mg, 1 mmol, 1 
equiv), N, N-diisopropylethylamine (349 μL, 2 mmol, 2 equiv) and MeCN (10 mL). The reaction tube 
was covered with piece of aluminum foil to avoid ambient light and degassed via Ar bubbling for 30 
min and then left under positive Ar pressure by removing the exit needle. Then, the piece of aluminum 
foil was removed and the tube was placed in a blue LED bath (description above) and the lower portion 
of the tube was submerged under the water bath which was at 28 oC and the reaction was stirred. The 
reaction was monitored by 19F NMR. After the complete consumption of 1b (6 h), crude reaction 
showed 80% of 1c product according to 19F NMR. MeCN was removed via rotovap and the residue 
was treated with sat. NaHCO3 solution (20 mL) and extracted with DCM (3 x 10 mL). The organic 
portions were combined and dried over anhydrous MgSO4. The crude product was concentrated in 
vacuo and purified via normal phase chromatography using EtOAc in hexanes (0% to 100%) with 
product eluting at 26% on a 40 g silica column to afford 1c in 76% as a solid. 
General procedure B for hydrodechlorination 
 
This procedure is identical to general procedure A except that the blue LEDs were exchanged with 
violet LEDs and increased loading of amine was used.  This procedure was used for all the 
hydrodechlorination reactions.  Substrate (0.12 mmol, 1 equiv) and N, N-diisopropylethylamine (83.6 
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μL, 0.48 mmol, 4 equiv) in 1.2 mL MeCN. The tube was placed in a purple LEDs bath. The reaction 
was monitored by TLC, 1H NMR or GC-MS. After the completion of selective dechlorination, MeCN 
was removed via rotovap and the residue was treated with sat. NaHCO3 solution (2 mL) and extracted 
with DCM (3 x 2 mL). The organic portions were combined and dried over anhydrous MgSO4. The 
crude product was concentrated in vacuo and purified via normal phase chromatography. 
 
Ethyl 2-chloro-2-((2,6-difluorophenyl)sulfonyl)acetate 
The general procedure B was followed using ethyl 2,2-dichloro-2-((2,6-
difluorophenyl)sulfonyl)acetate (40 mg, 0.12 mmol) and N, N-
diisopropylethylamine (83.6 μL, 0.48 mmol, 4 equiv) in 1.2 mL MeCN. After the 
completion of the reaction in 50 h, the crude was purified via automated flash chromatography using 
EtOAc in hexanes (0% to 100%) with product eluting at 20% on a 4 g silica column to afford 14c in 
85% yield (30.5 mg, 0.102 mmol) as an oil.1H NMR (400 MHz, CDCl3) δ 7.70 (tt, J = 8.5, 5.9 Hz, 1H), 
7.10 (t, J = 8.5 Hz, 2H), 5.44 (s, 1H), 4.35 (qq, J = 6.8, 3.6 Hz, 2H), 1.32 (t, J = 7.1 Hz, 3H). 19F NMR 
(376 MHz, CDCl3) δ -103.5 (dd, J = 8.5, 5.8 Hz). 13C NMR (101 MHz, CDCl3) δ 161.2 (dd, J = 263.8, 
3.1 Hz), 161.1, 137.8 (t, J = 11.3 Hz), 113.8 – 113.7 (m), 113.6 – 113.4 (m), 72.6, 64.5, 13.9. GC/MS 
(m/z, relative intensity) 270 (5), 177 (100), 161 (60). The compound produced thermally generated 




The general procedure B was followed using ethyl 2,2,2-trichloroacetate (23 mg, 0.12 
mmol) and N, N-diisopropylethylamine (83.6 μL, 0.48 mmol, 4 equiv) in 1.2 mL MeCN. 
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After the completion of the reaction in 72 h, the crude was purified via automated flash chromatography 
using EtOAc in hexanes (0% to 100%) with product eluting at 10% on a 4 g silica column to afford 15c 
in 70% yield (13.2 mg, 0.084 mmol) as an oil. NMR chemical shifts and mass spectrum details have 
reported in literature56 and NMR chemical shifts match with the literature values.  1H NMR (400 MHz, 
CDCl3) δ 5.93 (s, 1H), 4.33 (qd, J = 7.1, 1.5 Hz, 2H), 1.35 (td, J = 8.7, 6.7, 1.6 Hz, 3H). 13C NMR (101 
MHz, CDCl3) δ 165.0, 64.8, 64.2, 14.3. 
 
Benzyl 2,2-dichloroacetate 
The general procedure B was followed using benzyl 2,2,2-trichloroacetate (30.4 
mg, 0.12 mmol) and N, N-diisopropylethylamine (83.6 μL, 0.48 mmol, 4 equiv) in 
1.2 mL MeCN. After the completion of the reaction in 60 h, the crude was purified via automated flash 
chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 20% on a 4 g silica 
column to afford 16c in 78% yield (20.5 mg, 0.094 mmol) as an oil. 1H NMR (400 MHz, CDCl3) δ 7.39 
(s, 5H), 5.98 (s, 1H), 5.29 (s, 2H). 13C NMR (101 MHz, CDCl3) δ164.8, 134.6, 129.4, 129.2, 128.9, 
69.5, 64.7. GC/MS (m/z, relative intensity) 218 (M+, 10), 107 (18), 91 (100). The compound produced 
thermally generated impurities under GC conditions. HRMS (ESI) calcd. for [C9H7Cl2O2] ¯ [M-H] ¯  




























































































































































































































































































































































3.5   References 
1.(a) Gál, B.; Bucher, C.; Burns, N. Z., Chiral Alkyl Halides: Underexplored Motifs in Medicine. Mar 
drugs 2016, 14, 206; (b) Chung, W.-j.; Vanderwal, C. D., Stereoselective Halogenation in Natural 
Product Synthesis. Angew. Chem. Int. Ed. Engl. 2016, 55, 4396; (c) Gribble, G. W., Naturally 
Occurring Organohalogen Compounds - A Comprehensive Update. Springer Vienna: 2009; (d) 
Gribble, G. W., The diversity of naturally produced organohalogens. Chemosphere 2003, 52, 289; (e) 
Gerebtzoff, G.; Li-Blatter, X.; Fischer, H.; Frentzel, A.; Seelig, A., Halogenation of drugs enhances 
membrane binding and permeation. Chembiochem : a European journal of chemical biology 2004, 5, 
676; (f) Gentry, C. L.; Egleton, R. D.; Gillespie, T.; Abbruscato, T. J.; Bechowski, H. B.; Hruby, V. J.; 
Davis, T. P., The effect of halogenation on blood–brain barrier permeability of a novel peptide drug☆. 
Peptides 1999, 20, 1229. 
2.(a) Kambe, N.; Iwasaki, T.; Terao, J., Pd-catalyzed cross-coupling reactions of alkyl halides. Chem. 
Soc. Rev 2011, 40, 4937; (b) Saito, B.; Fu, G. C., Alkyl−Alkyl Suzuki Cross-Couplings of Unactivated 
Secondary Alkyl Halides at Room Temperature. J. Am. Chem. Soc. 2007, 129, 9602; (c) Terao, J.; 
Kambe, N., Cross-Coupling Reaction of Alkyl Halides with Grignard Reagents Catalyzed by Ni, Pd, 
or Cu Complexes with π-Carbon Ligand(s). Acc. Chem. Res. 2008, 41, 1545; (d) McMurry, J., Organic 
Chemistry. Brooks/Cole Cengage Learning: 2011. 
3.(a) Brochu, M. P.; Brown, S. P.; MacMillan, D. W. C., Direct and Enantioselective Organocatalytic 
α-Chlorination of Aldehydes. J. Am. Chem. Soc. 2004, 126, 4108; (b) Halland, N.; Braunton, A.; 
Bachmann, S.; Marigo, M.; Jørgensen, K. A., Direct Organocatalytic Asymmetric α-Chlorination of 
Aldehydes. J. Am. Chem. Soc. 2004, 126, 4790; (c) Bertelsen, S.; Halland, N.; Bachmann, S.; Marigo, 
M.; Braunton, A.; Jørgensen, K. A., Organocatalytic asymmetric α-bromination of aldehydes and 
ketones. Chem. Commun. 2005, 4821; (d) Ueda, M.; Kano, T.; Maruoka, K., Organocatalyzed direct 
asymmetric α-halogenation of carbonyl compounds. Org. Biomol. Chem. 2009, 7, 2005. 
259 
 
4.(a) Saikia, I.; Borah, A. J.; Phukan, P., Use of Bromine and Bromo-Organic Compounds in Organic 
Synthesis. Chem. Rev. 2016, 116, 6837; (b) Podgoršek, A.; Zupan, M.; Iskra, J., Oxidative Halogenation 
with “Green” Oxidants: Oxygen and Hydrogen Peroxide. Angew. Chem. Int. Ed. Engl. 2009, 48, 8424; 
(c) Kolvari, E.; Koukabi, N.; Khoramabadi-zad, A.; Shiri, A.; Ali Zolfigol, M., Alternative 
Methodologies for Halogenation of Organic Compounds. Curr. Org. Synth. 2013, 10, 837; (d) Sabuzi, 
F.; Pomarico, G.; Floris, B.; Valentini, F.; Galloni, P.; Conte, V., Sustainable bromination of organic 
compounds: A critical review. Coord. Chem. Rev. 2019, 385, 100; (e) Nishina, Y.; Ohtani, B.; 
Kikushima, K., Bromination of hydrocarbons with CBr4, initiated by light-emitting diode irradiation. 
Beilstein J. Org. Chem. 2013, 9, 1663; (f) Cantillo, D.; Kappe, C. O., Halogenation of organic 
compounds using continuous flow and microreactor technology. React. Chem. Eng. 2017, 2, 7; (g) 
Smith, A. M. R.; Hii, K. K., Transition Metal Catalyzed Enantioselective α-Heterofunctionalization of 
Carbonyl Compounds. Chem. Rev. 2011, 111, 1637; (h) Suryakiran, N.; Prabhakar, P.; Srikanth Reddy, 
T.; Chinni Mahesh, K.; Rajesh, K.; Venkateswarlu, Y., Chemoselective mono halogenation of β-keto-
sulfones using potassium halide and hydrogen peroxide; synthesis of halomethyl sulfones and 
dihalomethyl sulfones. Tetrahedron Lett. 2007, 48, 877; (i) Poteat, C. M.; Lindsay, V. N. G., Controlled 
α-mono- and α,α-di-halogenation of alkyl sulfones using reagent–solvent halogen bonding. Chem. 
Commun. 2019, 55, 2912; (j) Erian, A. W.; Sherif, S. M.; Gaber, H. M., The Chemistry of α-
Haloketones and Their Utility in Heterocyclic Synthesis. Molecules 2003, 8, 793; (k) Mohan, R. B.; 
Reddy, N. C. G., Regioselective α-Bromination of Aralkyl Ketones Using N-Bromosuccinimide in the 
Presence of Montmorillonite K-10 Clay: A Simple and Efficient Method. Synth. Commun. 2013, 43, 
2603; (l) Pravst, I.; Zupan, M.; Stavber, S., Halogenation of ketones with N-halosuccinimides under 
solvent-free reaction conditions. Tetrahedron 2008, 64, 5191; (m) Jagatheesan, R.; Joseph Santhana 
Raj, K.; Lawrence, S.; Christopher, C., Electroselective α-bromination of acetophenone using in situ 
bromonium ions from ammonium bromide. RSC Adv 2016, 6, 35602. 
5.(a) Senaweera, S. M.; Singh, A.; Weaver, J. D., Photocatalytic Hydrodefluorination: Facile Access to 
Partially Fluorinated Aromatics. J. Am. Chem. Soc. 2014, 136, 3002; (b) Khaled, M. B.; El Mokadem, 
260 
 
R. K.; Weaver, J. D., Hydrogen Bond Directed Photocatalytic Hydrodefluorination: Overcoming 
Electronic Control. J. Am. Chem. Soc. 2017, 139, 13092; (c) Singh, A.; Fennell, C. J.; Weaver, J. D., 
Photocatalyst size controls electron and energy transfer: selectable E/Z isomer synthesis via C–F 
alkenylation. Chem. Sci. 2016, 7, 6796; (d) Senaweera, S.; Weaver, J. D., Dual C–F, C–H 
Functionalization via Photocatalysis: Access to Multifluorinated Biaryls. J. Am. Chem. Soc. 2016, 138, 
2520; (e) Singh, A.; Kubik, J. J.; Weaver, J. D., Photocatalytic C–F alkylation; facile access to 
multifluorinated arenes. Chem. Sci. 2015, 6, 7206; (f) Priya, S.; Weaver, J. D., Prenyl Praxis: A Method 
for Direct Photocatalytic Defluoroprenylation. J. Am. Chem. Soc. 2018, 140, 16020. 
6.Bailey, W. F.; Patricia, J. J., The mechanism of the lithium - halogen Interchange reaction : a review 
of the literature. J Organomet Chem 1988, 352, 1. 
7.Yoon, N. M., Selective reduction of organic compounds with aluminum and boron hydrides. In Pure 
and Applied Chemistry, 1996; Vol. 68, p 843. 
8.(a) Neumann, W. P., Tri-n-butyltin Hydride as Reagent in Organic Synthesis. Synthesis 1987, 1987, 
665; (b) Curran, D. P., The Design and Application of Free Radical Chain Reactions in Organic 
Synthesis. Part 1. Synthesis 1988, 1988, 417; (c) Curran, D. P., The Design and Application of Free 
Radical Chain Reactions in Organic Synthesis. Part 2. Synthesis 1988, 1988, 489; (d) O’Mahony, G., 
Triethylborane (Et3B). Synlett 2004, 2004, 572. 
9.Alonso, F.; Beletskaya, I. P.; Yus, M., Metal-Mediated Reductive Hydrodehalogenation of Organic 
Halides. Chem. Rev. 2002, 102, 4009. 
10.Khattab, M. A.; Elgamal, M. A.; El-Batouti, M., Evaluation of thermal hazard of 
azobisisobutyronitrile using accelerating rate calorimetry. Fire Mater. 1996, 20, 253. 
11.Baguley, P. A.; Walton, J. C., Flight from the Tyranny of Tin: The Quest for Practical Radical 
Sources Free from Metal Encumbrances. Angew. Chem. Int. Ed. 1998, 37, 3072. 
12.Devery, J. J.; Nguyen, J. D.; Dai, C.; Stephenson, C. R. J., Light-Mediated Reductive Debromination 
of Unactivated Alkyl and Aryl Bromides. ACS Catal 2016, 6, 5962. 
261 
 
13.Maji, T.; Karmakar, A.; Reiser, O., Visible-Light Photoredox Catalysis: Dehalogenation of Vicinal 
Dibromo-, α-Halo-, and α,α-Dibromocarbonyl Compounds. J. Org. Chem. 2011, 76, 736. 
14.(a) Moteki, S. A.; Usui, A.; Selvakumar, S.; Zhang, T.; Maruoka, K., Metal-Free C H Bond 
Activation of Branched Aldehydes with a Hypervalent Iodine(III) Catalyst under Visible-Light 
Photolysis: Successful Trapping with Electron-Deficient Olefins. Angew. Chem. Int. Ed. Engl. 2014, 
53, 11060; (b) Tan, H.; Li, H.; Ji, W.; Wang, L., Sunlight-Driven Decarboxylative Alkynylation of α-
Keto Acids with Bromoacetylenes by Hypervalent Iodine Reagent Catalysis: A Facile Approach to 
Ynones. Angew. Chem. Int. Ed. Engl. 2015, 54, 8374; (c) Li, L.; Mu, X.; Liu, W.; Wang, Y.; Mi, Z.; 
Li, C.-J., Simple and Clean Photoinduced Aromatic Trifluoromethylation Reaction. J. Am. Chem. Soc. 
2016, 138, 5809; (d) Xie, X.; Li, P.; Shi, Q.; Wang, L., Visible-light-induced tandem cyclization of 2-
alkynylanilines with disulfides: a convenient method for accessing benzothiophenes under transition-
metal-free and photocatalyst-free conditions. Org. Biomol. Chem. 2017, 15, 7678. 
15.Lima, C. G. S.; de M. Lima, T.; Duarte, M.; Jurberg, I. D.; Paixão, M. W., Organic Synthesis Enabled 
by Light-Irradiation of EDA Complexes: Theoretical Background and Synthetic Applications. ACS 
Catal 2016, 6, 1389. 
16.Zhao, G.-J.; Han, K.-L., Hydrogen Bonding in the Electronic Excited State. Acc. Chem. Res. 2012, 
45, 404. 
17.(a) Foster, R., Electron donor-acceptor complexes. J. Phys. Chem. 1980, 84, 2135; (b) Rosokha, S. 
V.; Kochi, J. K., Fresh Look at Electron-Transfer Mechanisms via the Donor/Acceptor Bindings in the 
Critical Encounter Complex. Acc. Chem. Res. 2008, 41, 641. 
18.Postigo, A., Electron Donor-Acceptor Complexes in Perfluoroalkylation Reactions. Eur. J. Org. 
Chem. 2018, 2018, 6391. 
19.(a) Rosokha, S. V.; Kochi, J. K., Fresh Look at Electron-Transfer Mechanisms via the 
Donor/Acceptor Bindings in the Critical Encounter Complex. Acc. Chem. Res. 2008, 41, 641; (b) 
Hilinski, E. F.; Masnovi, J. M.; Amatore, C.; Kochi, J. K.; Rentzepis, P. M., Charge-transfer excitation 
of electron donor-acceptor complexes. Direct observation of ion pairs by time-resolved (picosecond) 
262 
 
spectroscopy. J. Am. Chem. Soc. 1983, 105, 6167; (c) Hubig, S. M.; Bockman, T. M.; Kochi, J. K., 
Optimized Electron Transfer in Charge-Transfer Ion Pairs. Pronounced Inner-Sphere Behavior of 
Olefin Donors. J. Am. Chem. Soc. 1996, 118, 3842; (d) Mulliken, R. S., Molecular compounds and their 
spectra. III. The interaction of electron donors and acceptors. J. Phys. Chem. 1952, 56, 801. 
20.Fox, M. A.; Younathan, J.; Fryxell, G. E., Photoinitiation of the SRN1 reaction by excitation of 
charge-transfer complexes. J. Org. Chem. 1983, 48, 3109. 
21.Sankararaman, S.; Haney, W. A.; Kochi, J. K., Aromatic nitration with ion radical pairs 
[ArH.cntdot.+,NO2.cntdot.] as reactive intermediates. Time-resolved studies of charge-transfer 
activation of dialkoxybenzenes. J. Am. Chem. Soc. 1987, 109, 5235. 
22.Tobisu, M.; Furukawa, T.; Chatani, N., Visible Light-mediated Direct Arylation of Arenes and 
Heteroarenes Using Diaryliodonium Salts in the Presence and Absence of a Photocatalyst. Chem. Lett. 
2013, 42, 1203. 
23.Davies, J.; Booth, S. G.; Essafi, S.; Dryfe, R. A. W.; Leonori, D., Visible-Light-Mediated Generation 
of Nitrogen-Centered Radicals: Metal-Free Hydroimination and Iminohydroxylation Cyclization 
Reactions. Angew. Chem. Int. Ed. Engl. 2015, 54, 14017. 
24.Arceo, E.; Jurberg, I. D.; Álvarez-Fernández, A.; Melchiorre, P., Photochemical activity of a key 
donor–acceptor complex can drive stereoselective catalytic α-alkylation of aldehydes. Nat Chem 2013, 
5, 750. 
25.Franz, J. F.; Kraus, W. B.; Zeitler, K., No photocatalyst required – versatile, visible light mediated 
transformations with polyhalomethanes. Chem. Commun. 2015, 51, 8280. 
26.(a) Pandey, G., Photoinduced electron transfer (PET) in organic synthesis. In Photoinduced Electron 
Transfer V, Mattay, J., Ed. Springer Berlin Heidelberg: Berlin, Heidelberg, 1993; pp 175; (b) Mattay, 
J., Charge Transfer and Radical Ions in Photochemistry. Angew. Chem. Int. Ed. Engl. 1987, 26, 825; 
(c) Kavarnos, G. J.; Turro, N. J., Photosensitization by reversible electron transfer: theories, 
experimental evidence, and examples. Chem. Rev. 1986, 86, 401. 
263 
 
27.Wypych, J.-C.; Nguyen, T. M.; Bénéchie, M.; Marazano, C., Reaction of Aldimine Anions with 
Vinamidinium Chloride:  Three-Component Access to 3-Alkylpyridines and 3-Alkylpyridinium Salts 
and Access to 2-Alkyl Glutaconaldehyde Derivatives. J. Org. Chem. 2008, 73, 1169. 
28.(a) Raghunadh, A.; Meruva, S. B.; Kumar, N. A.; Kumar, G. S.; Rao, L. V.; Syam Kumar, U. K., 
An Efficient and Practical Synthesis of Aryl and Hetaryl α-Keto Esters. Synthesis 2012, 44, 283; (b) 
Lenihan, B. D.; Shechter, H., Chemistry of Conversions of [o-[1-Halo-1-(p-
tolylsulfonyl)alkyl]benzyl]trimethylsilanes to o-Quinodimethanes and Benzocyclobutenes. J. Org. 
Chem. 1998, 63, 2086; (c) Zhang, G.-B.; Wang, F.-X.; Du, J.-Y.; Qu, H.; Ma, X.-Y.; Wei, M.-X.; Wang, 
C.-T.; Li, Q.; Fan, C.-A., Toward the Total Synthesis of Palhinine A: Expedient Assembly of 
Multifunctionalized Isotwistane Ring System with Contiguous Quaternary Stereocenters. Org. Lett. 
2012, 14, 3696; (d) 5,5-Dibromo-2,2-dimethyl-1,3-dioxane-4,6-dione. In Encyclopedia of Reagents for 
Organic Synthesis. 
29.A UV-Vis study is included in the SI. 
30.(a) Here, EDA complex is likely halogen bonding interaction between haloalkane and amine; (b) 
Blackstock, S. C.; Lorand, J. P.; Kochi, J. K., Charge-transfer interactions of amines with 
tetrahalomethanes. X-ray crystal structures of the donor-acceptor complexes of quinuclidine and 
diazabicyclo [2.2.2]octane with carbon tetrabromide. J. Org. Chem. 1987, 52, 1451; (c) Cavallo, G.; 
Metrangolo, P.; Milani, R.; Pilati, T.; Priimagi, A.; Resnati, G.; Terraneo, G., The Halogen Bond. Chem. 
Rev. 2016, 116, 2478; (d) Sun, C.; Chang, W.; Ma, W.; Chen, C.; Zhao, J., Photoreductive 
Debromination of Decabromodiphenyl Ethers in the Presence of Carboxylates under Visible Light 
Irradiation. Environ. Sci. Technol. 2013, 47, 2370. 
31.(a) Semenov, S. N.; Belding, L.; Cafferty, B. J.; Mousavi, M. P. S.; Finogenova, A. M.; Cruz, R. S.; 
Skorb, E. V.; Whitesides, G. M., Autocatalytic Cycles in a Copper-Catalyzed Azide–Alkyne 
Cycloaddition Reaction. J. Am. Chem. Soc. 2018, 140, 10221; (b) Ferrer Flegeau, E.; Bruneau, C.; 
Dixneuf, P. H.; Jutand, A., Autocatalysis for C–H Bond Activation by Ruthenium(II) Complexes in 
264 
 
Catalytic Arylation of Functional Arenes. J. Am. Chem. Soc. 2011, 133, 10161; (c) Bissette, A. J.; 
Fletcher, S. P., Mechanisms of Autocatalysis. Angew. Chem. Int. Ed. Engl. 2013, 52, 12800. 
32.Böhm, A.; Bach, T., Radical Reactions Induced by Visible Light in Dichloromethane Solutions of 
Hünig's Base: Synthetic Applications and Mechanistic Observations. Chem. Eur. J. 2016, 22, 15921. 
33.(a) Taft, R. W., Progress in Physical Organic Chemistry. Wiley: 2009; (b) Guieu, V.; Izquierdo, A.; 
Garcia-Alonso, S.; André, C.; Madaule, Y.; Payrastre, C., Fluorescent Streptocyanine Dyes: Synthesis 
and Photophysical Properties – Synthesis of a New Hemicarboxonium Salt. Eur. J. Org. Chem. 2007, 
2007, 804. 
34.(a) Raghavachari, R., Near-Infrared Applications in Biotechnology. Taylor & Francis: 2000; (b) 
Bricks, J. L.; Kachkovskii, A. D.; Slominskii, Y. L.; Gerasov, A. O.; Popov, S. V., Molecular design 
of near infrared polymethine dyes: A review. Dyes and Pigments 2015, 121, 238; (c) Ishchenko, A. A., 
Structure and spectral-luminescent properties of polymethine dyes. Russ. Chem. Rev. 1991, 60, 865. 
35.(a) Shindy, H. A., Fundamentals in the chemistry of cyanine dyes: A review. Dyes Pigm 2017, 145, 
505; (b) Panigrahi, M.; Dash, S.; Patel, S.; Mishra, B. K., Syntheses of cyanines: a review. Tetrahedron 
2012, 68, 781; (c) Hunger, K., Industrial Dyes: Chemistry, Properties, Applications. Wiley: 2007. 
36.(a) Le Guennic, B.; Jacquemin, D., Taking Up the Cyanine Challenge with Quantum Tools. Acc. 
Chem. Res. 2015, 48, 530; (b) Lenhard, J. R.; Cameron, A. D., Electrochemistry and electronic spectra 
of cyanine dye radicals in acetonitrile. J. Phys. Chem. 1993, 97, 4916; (c) Schreiber, M.; Buß, V.; 
Fülscher, M. P., The electronic spectra of symmetric cyanine dyes: A CASPT2 study. Phys. Chem. 
Chem. Phys. 2001, 3, 3906; (d) Gayton, J. N.; Autry, S.; Fortenberry, R. C.; Hammer, N. I.; Delcamp, 
J. H., Counter Anion Effect on the Photophysical Properties of Emissive Indolizine-Cyanine Dyes in 
Solution and Solid State. Molecules 2018, 23, 3051; (e) Levitz, A.; Marmarchi, F.; Henary, M., 
Introduction of various substitutions to the methine bridge of heptamethine cyanine dyes Via 
substituted dianil linkers. Photochem. Photobiol. Sci. 2018, 17, 1409; (f) Taniguchi, M.; Lindsey, J. S., 
Database of Absorption and Fluorescence Spectra of >300 Common Compounds for use in 
PhotochemCAD. Photochem. Photobiol. 2018, 94, 290. 
265 
 
37.(a) Ryzhova, O.; Tarabara, U.; Trusova, V.; Kurutos, A. In Aggregation of cyanine dyes in lipid 
environment, 2015 International Young Scientists Forum on Applied Physics (YSF), 29 Sept.-2 Oct. 
2015; 2015; pp 1; (b) Lu, T.; Lin, Z.; Ren, J.; Yao, P.; Wang, X.; Wang, Z.; Zhang, Q., The Non-
Specific Binding of Fluorescent-Labeled MiRNAs on Cell Surface by Hydrophobic Interaction. PLoS 
One 2016, 11, e0149751. 
38.Miyamoto, N.; Kuroda, K.; Ogawa, M., Visible Light Induced Electron Transfer and Long-Lived 
Charge Separated State in Cyanine Dye/Layered Titanate Intercalation Compounds. J. Phys. Chem. B 
2004, 108, 4268. 
39.(a) Zhao, J.; Chen, C.; Ma, W., Photocatalytic Degradation of Organic Pollutants Under Visible 
Light Irradiation. Top Catal 2005, 35, 269; (b) Yang, S.; Tian, H.; Xiao, H.; Shang, X.; Gong, X.; Yao, 
S.; Chen, K., Photodegradation of cyanine and merocyanine dyes. Dyes and Pigments 2001, 49, 93; (c) 
Toutchkine, A.; Nguyen, D.-V.; Hahn, K. M., Merocyanine Dyes with Improved Photostability. Org. 
Lett. 2007, 9, 2775; (d) Renikuntla, B. R.; Rose, H. C.; Eldo, J.; Waggoner, A. S.; Armitage, B. A., 
Improved Photostability and Fluorescence Properties through Polyfluorination of a Cyanine Dye. Org. 
Lett. 2004, 6, 909; (e) Wang, M.; Holmes-Davis, R.; Rafinski, Z.; Jedrzejewska, B.; Choi, K. Y.; Zwick, 
M.; Bupp, C.; Izmailov, A.; Paczkowski, J.; Warner, B.; Koshinsky, H., Accelerated Photobleaching 
of a Cyanine Dye in the Presence of a Ternary Target DNA, PNA Probe, Dye Catalytic Complex: A 
Molecular Diagnostic. Anal. Chem. 2009, 81, 2043; (f) Sha, X.-L.; Niu, J.-Y.; Sun, R.; Xu, Y.-J.; Ge, 
J.-F., Synthesis and optical properties of cyanine dyes with an aromatic azonia skeleton. Org Chem 
Front 2018, 5, 555. 
40.(a) Ivanov, I. V.; Dolotov, S. M.; Kobeleva, O. I.; Valova, T. M.; Barachevsky, V. A.; Traven, V. 
F., Photoactivation of fluorescence of rhodamine dyes in the presence of haloalkanes. Russ. Chem. Bull. 
2013, 62, 1195; (b) Diethyl Dibromomalonate. In Encyclopedia of Reagents for Organic Synthesis. 
41.Zou, L.-H.; Li, Y.-C.; Li, P.-G.; Zhou, J.; Wu, Z., Solvent-Controlled α-Monobromination, α,α-




42.Tajbakhsh, M.; Khazaei, A.; Mahalli, M. S.; Vaghi, R. G., N,N-
DIBROMOBENZENESULFONAMIDE: A USEFUL REGENRABLE REAGENT FOR 
BROMINATION OF VARIOUS CARBANIONIC SUBSTRATES. Phosphorus, Sulfur, and Silicon 
and the Related Elements 2004, 179, 1159. 
43.Wu, P.; Xu, S.; Xu, H.; Hu, H.; Zhang, W., One-pot syntheses of α,α-dibromoacetophenones from 
aromatic alkenes with 1,3-dibromo-5,5-dimethylhydantoin. Tetrahedron Lett. 2017, 58, 618. 
44.Wu, C.; Xin, X.; Fu, Z.-M.; Xie, L.-Y.; Liu, K.-J.; Wang, Z.; Li, W.; Yuan, Z.-H.; He, W.-M., Water-
controlled selective preparation of α-mono or α,α′-dihalo ketones via catalytic cascade reaction of 
unactivated alkynes with 1,3-dihalo-5,5-dimethylhydantoin. Green Chem. 2017, 19, 1983. 
45.Jayaraman, A.; Cho, E.; Kim, J.; Lee, S., Decarboxylative Tribromination for the Selective Synthesis 
of Tribromomethyl Ketone and Tribromovinyl Derivatives. Adv. Synth. Catal. 2018, 360, 3978. 
46.Corey, E. J.; Topie, T. H.; Wozniak, W. A., Stereochemistry of α-halo ketones. VI. The 
stereochemistry of α-brominated α-methyl-, α,α-dimethyl-, and α,α'-dibenzylcyclohexanones. J. Am. 
Chem. Soc. 1955, 77, 5415. 
47.Smela, M. P.; Hoye, T. R., A Traceless Tether Strategy for Achieving Formal Intermolecular 
Hexadehydro-Diels–Alder Reactions. Org. Lett. 2018, 20, 5502. 
48.Tang, H.; Radosz, M.; Shen, Y., Synthesis and self-assembly of thymine- and adenine-containing 
homopolymers and diblock copolymers. J. Polym. Sci., Part A: Polym. Chem. 2006, 44, 5995. 
49.Taichi, S.; Wataru, K.; Teruaki, M., Efficient Method for the Preparation of Carboxylic Acid Alkyl 
Esters or Alkyl Phenyl Ethers by a New-Type of Oxidation–Reduction Condensation Using 2,6-
Dimethyl-1,4-benzoquinone and Alkoxydiphenylphosphines. Bulletin of the Chemical Society of Japan 
2003, 76, 1645. 
50.(a) Nunes, C. M.; Steffens, D.; Monteiro, A. L., Synthesis of Tri- and Tetrasubstituted Olefins by 
Palladium Cross-Coupling Reaction. Synlett 2007, 2007, 0103; (b) Hirose, T.; Miyazaki, Y.; Watabe, 
M.; Akimoto, S.; Tachikawa, T.; Kodama, K.; Yasutake, M., Trialkylsilylethynyl-substituted 
267 
 
triphenylenes and hexabenzocoronenes: highly soluble liquid crystalline materials and their hole 
transport abilities. Tetrahedron 2015, 71, 4714. 
51.(a) Delon, L.; Laurent, P.; Blancou, H., New synthesis of polyfluoroalkyl racemic α-amino acids. J. 
Fluor. Chem. 2005, 126, 1487; (b) Terent'ev, A. B.; Vasil'eva, T. T.; Mysova, N. E.; Chakhovskaya, O. 
V., Reactions of Diethyl Dibromomalonate and Ethyl 2,2-Dichloroacetoacetate with Water and 
Carbonyl Compounds (Aldehydes and Ketones) in the Presence of Pentacarbonyliron. Russ. J. Org. 
Chem. 2004, 40, 924. 
52.(a) Alinezhad, H.; Tajbakhsh, M.; Tehrani, S. S., 2011, 32; (b) Yamada, Y.; Yasuda, H., A 
Convenient Synthesis of Dialkyl (E)-2,3-Dicyanobutendioates. Synthesis 1990, 1990, 768. 
53.Xing, Y.; Zhang, M.; Ciccarelli, S.; Lee, J.; Catano, B., AuIII-Catalyzed Formation of α-Halomethyl 
Ketones from Terminal Alkynes. Eur. J. Org. Chem. 2017, 2017, 781. 
54.Frimer, A. A.; Gilinsky-Sharon, P.; Aljadeff, G.; Gottlieb, H. E.; Hameiri-Buch, J.; Marks, V.; 
Philosof, R.; Rosental, Z., Superoxide anion radical (O2.bul.-)-mediated base-catalyzed autoxidation 
of enones. J. Org. Chem. 1989, 54, 4853. 
55.Lee, C.-H.; Lee, S.-M.; Min, B.-H.; Kim, D.-S.; Jun, C.-H., Ferric(III) Chloride Catalyzed 
Halogenation Reaction of Alcohols and Carboxylic Acids Using α,α-Dichlorodiphenylmethane. Org. 
Lett. 2018, 20, 2468. 
56.(a) Tsurugi, H.; Hayakawa, A.; Kando, S.; Sugino, Y.; Mashima, K., Mixed-ligand complexes of 
paddlewheel dinuclear molybdenum as hydrodehalogenation catalysts for polyhaloalkanes. Chem Sci 
2015, 6, 3434; (b) Gallucci, R. R.; Going, R., Chlorination of aliphatic ketones in methanol. J. Org. 






COUPLING PHOTOCATALYSIS AND SUBSTITUTION CHEMISTRY; ENGAGING NON-
REDOX ACTIVE HALIDES 
4.1 Introduction 
The use of visible light in conjunction with visible light absorbing catalysts to drive reactions has the 
potential to be energy efficient, green, and can reveal new mechanistic possibilities that enable 
synthesis.1 Often, central to these methods is the controlled generation of radicals which are the critical 
reactive intermediates2 whose formation is enabled and governed by absorption of a photon by the 
photocatalyst.  Alternatively, the photocatalyst may first undergo oxidation or reduction by another 
reagent before interacting with the substrate. Some substrates that can be reductively activated by SET 
include aryl halides3 and pseudo-halides.4 Reaction is possible due to the relatively low-lying 
unoccupied pi-star orbitals of the aromatic system into which an electron is transferred. En route to 
radical formation, an intramolecular electron transfer (ET) to the C–X sigma* orbital takes place, 
allowing the critical mesolytic fragmentation which yields the halide ion and carbon centered radical 
(scheme 4.1).5  The rate of this intramolecular ET is dependent on a number of factors, including the 
energy of the pi*-orbitals, and electronic overlap with the fragmenting groups, among other factors.5b, 
6-7  Practically speaking, useful rates of radical anion fragmentation are observed for ipso substituted 
halides, and alpha halo species, but drops with greater structural separation, and represents a real 
mechanistic limitation of radical anion fragmentation mechanism. 
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Scheme 4.1 Radical anion fragmentation6 
 
This sensitivity to structure is particularly revealing in the case of benzylic halides in which the rate of 
fragmentation becomes highly dependent on the structure and functional groups attached to the 
aromatic component which result in significant variation in the reduction potential and the nature of the 
orbitals involved.7b, 7c  In general, the substantial variation in reduction potential (scheme 4.2d) of the 
substrates prevents the development of broadly applicable methodology. 
Recently, several diverse strategies have been explored to engage such aliphatic halides that would 
otherwise be hard to directly engage photocatalytically.  Evolution of the photocatalyst structure aimed 
at pushing the reduction limits has been pursued by several groups8 (scheme 4.2a). As such, low-valent 
group 6 (Cr, Mo, W) isocyanide complexes have demonstrated very appealing photophysical and redox 
attributes, 8 and some early success in photoredox transformations of difficult substrates. 8b, 8c 
Remarkably, Gray & Rachford have introduced the homoleptic arylisocyanide tungsten complex 
W(CNIph)6 as one of the most powerful photoreductant that has been generated with visible light. The 
estimated reduction potential for the [W(CNIph)6] + /*W couple is −2.8 V (vs Cp2Fe+/0). Further, Teets 
and co-workers have reported a new class of heteroleptic bis-cyclometalated iridium photosensitizers 
with the general formula Ir(ppy)2(NacNac), which have excited-state reduction potentials more potent 
than fac-Ir(ppy)3, by ~300–500 mV.8d 
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Scheme 4.2. Emerging strategies for radical formation 
 
Alternatively, Leonori has recently proposed the use of alpha amino radicals to facilitate halogen 
transfer (scheme 4.2b).9  The alkyl and aryl halides are converted to carbon radicals by halogen-atom 
transfer (XAT) using a-aminoalkyl radicals. Generated alkyl radicals can be utilized to construct new 
carbon–carbon bonds under mild conditions with high chemoselectivity. More relevant to this work, 
Melchiorre has identified a clever system that capitalizes on the electrophilicity of alkyl halides to be 
displaced by a nucleophilic chromophore, dithioacid anion (scheme 4.2c).10  Upon displacement of the 
alkyl halide with a nucleophilic chromophore, the alkyl substrate which was optically transparent 
becomes photoactive, and after absorption of a photon, undergoes homolysis of the inherently weak C–
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S bond. In the catalytic cycle, dithioacid anion is regenerated by formal reduction of the sulfur radical.  
This method allows the generation of alkyl radicals under mild conditions which takes place with high 
functional group tolerance leading to the development of new C–C and C–X bond forming reactions. 
One potential liability of this conceptually elegant approach is the inherent coupling of the nucleophilic 
and the chromophoric functions of the catalyst, which may limit both the scope of reactions and the 
range of mechanistically diverse reactions that would be possible if these two aspects of the catalysts 
operated independently. 
Thus, we set about to develop a conceptually related idea (scheme 4.2d)11 that capitalized on the 
electrophilicity of alkyl halides but one that decoupled the photon absorbing aspects of the catalyst 
from its nucleophilic aspects.  Our objective was to identify a nucleophile that, upon addition to the 
alkyl halide, would serve as the electron capturing component where the halide failed, which could then 
be reduced by an appropriate photocatalysts.  Importantly, this would have the effect of leveling 
substrate reduction potentials, which are often highly dependent on the exact structure of the alkyl 
halide.  Thus, we began our studies by exploring a Giese type reaction12 using a range of benzyl bromide 
derived salts and conditions that have been used for reductive coupling in our lab.13  
4.2 Generating radicals from non-redox active halides 
We found that quaternary ammonium, imidazolium, and phosphonium salts showed no reactivity under 
these conditions (scheme 4.3). Calculation of the molecular orbitals using semi-empirical Hückel 
calculations demonstrate that the LUMO orbital lies primarily on the fluorobenzene fragment rather 
than on the added nucleophilic component and explains a lack of reactivity. In contrast, pyridinium 1d, 






Scheme 4.3 Search for redox active salts 
 
Inspection of the corresponding reaction mixtures by GCMS suggested the formation of 
fluorobenzylated pyridine byproducts were a major contributor to the mass balance.  Thus, we 
speculated that fluorobenzyl radical was forming under reaction conditions and either attacking the 
pyridinium salt (1d) or the resulting pyridine in a Minisci-type reaction.14  Indeed, when the 4-position 
was blocked (1e and 1f) we observed a slight improvement to the yield, albeit meager.  1g resulted in 
the formation of a colored EDA complex that was consumed, but did not result in product formation.  
We next explored both collidinium (1h) and Katritzky15 (1i) salts, whose susceptible positions were 
blocked.  In both cases, the Minisci-product could not be detected, and yields nearly doubled. All the 
pyridinium salts’ conversion details are given below (scheme 4.4). A direct comparison with the 
corresponding benzyl bromide revealed the enhanced reactivity of the pyridinium derived salts, 





Scheme 4.4 Redox activity of pyridinium salts  
 
Katritzky salts are formed by condensation of the corresponding primary amine with the commercially 
available pyrylium salt. In 2017, their application as redoxactive species to construct new C–C bonds 
was reported. Of particular relevance,Watson16 reported the first example of a cross-coupling reaction 
using Katritzky salts through a C–N bond activation of amines with unactivated alkyl groups (scheme 
4.5 left). Encouraged by Watson’s work, Glorius17 proposed the generation of similar alkyl radicals via 
a single-electron-reduction of Katritzky salts using photocatalysis (scheme 4.5 right).  
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Scheme 4.5 First reports on reduction of Katritzky salts with unactivated alkyl groups 
 
Encouraged by the positive results of our initial exploration and that of Glorius17b, 17c and Lautens17b 
whose efforts to use of Katritzky salts in deaminative couplings of primary amines via photoredox and 
other related work16, 18 provided strong precedent, and we set out to optimize the reaction conditions 
(table 4.1).  While both the trimethyl- (1h) and triphenyl-pyridinium (1i) salts resulted in the higher 
yields compared to less substituted versions, a closer inspection of the 19F NMR spectra of the reaction 
mixtures revealed that the tri-methyl pyridinium (1h, collidinium) produced far fewer side products 
(scheme 4.4). Given that tri-phenyl pyridinium (1i) is derived from the corresponding expensive 
oxopyrylium salt ($2,376/mol) rather than inexpensive collidine ($29/mol), we elected to continue 
optimization using the collidinium salt, 1h. With reductive conditions, that included catalytic Ir(ppy)3, 
DIPEA, and blue light, we observed complete conversion within 6 h, but the desired product was minor 
(23%, entry 1).  While minor amounts of radical termination products were identified (3' and 3''), we 
were encouraged to see that the majority of the mass balance appeared to derived from an intermediate 
that had formed the desired C–C bond and could, if nudged in the right mechanistic direction, lead to 
product.  More specifically, it appeared that rather than terminating to give the desired product, it 
underwent one or two propagation steps to give products 3a’ and 3a”.  Dilution of the reaction mixture 
(entry 2) somewhat diminished these propagation products and gave a corresponding higher yield, but 
slowed the reaction.  Together these experiments suggested that controlling the rate of termination 
would be vital to achieving product selectivity. We postulated that identification of the appropriate 
catalyst could facilitate reduction of the intermediate radical.19  Indeed, a photocatalyst screen showed 
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that while iridium catalyst Ir[dF(CF3)ppy]2(dtbbpy)PF6 gave more sluggish conversion (entry 3), the 
critical ratio of desired to undesired products had improved by an order of magnitude.  Furthermore, 
increasing or decreasing the photocatalyst loading increased (entry 5) or decreased the product ratio 
(entry 6).  Attempts to use NBu3 (entry 8) instead of DIPEA (entry 3) led to slightly faster conversion 
but gave substantial amounts of a compound derived from the amine and nitrile.20 A similar adduct was 
observed using DIPEA, but by comparison it was substantially diminished.  Speculating that the off 
cycle use of the amine was resulting in reaction retardation at higher conversions, we investigated the 
use of more amine (entry 3 vs 9 and 10).  Indeed, moving from 2 equivalents to 4 equivalents increased 
the conversion from 50% to 100% and the reaction time decreased from 46 h to 16 h.  Importantly, as 
the desired reaction was able to take place throughout the entirety of the reaction, the product 
distribution shifted in favor of the desired product.  With evidence suggesting the involvement of 
photocatalyst in the termination step, we investigated the effect of water on the reaction (entry 11 and 
12).  Indeed, the inclusion of 10 equivalents of H2O further enhanced the product distribution to 29.3:1 
and accelerated the reaction (12 h), resulting in an 88% yield.  Finally, individual control studies 










Table 4.1 Optimization table 
entry modification time conv%a 3a%a 3a/3a’+3a’’
1 none 6 h 100% 23% 0.37
2 MeCN (0.05 M) 10 h 100% 38% 1.36
3 Ir[dF(CF3)ppy]2(dtbbpy)PF6 46 h 50% 38% 3.5
4 [Ru(bpy)3]PF6 44 h 1% 0% 0
5 Entry 3 (0.5 mol% photocatalyst) 48 h 70% 52% 5.2
6 Entry 3 (0.05 mol% photocatalyst) 48 h 85% 19% 0.3
7 Entry 3  MeCN (0.05 M) 72 h 39% 33% 5.2
8 Entry 3, NBu3 instead of DIPEA 48 h 65% 34% 3.4
9 Entry 3, DIPEA 3 equiv 47 h 79% 66% 6.6
10 Entry 3, DIPEA 4 equiv 16 h 100% 77% 9.63
11 Entry 10, H2O 5 equiv 12 h 100% 85% 21.25
12 Entry 10, H2O 10 equiv 12 h 100% 88% 29.3
13 No amine, no photocatalyst, no light 24 h 0 0 0
 







Table 4.2 Photocatalyst screening 
 
As indicated by the control experiment (table 4.2, entry 15), the presence of the photocatalyst was 
required to carry out the reaction. The reactions were monitored quite closely by 19F NMR to watch 
how long each reaction takes to reach completion or to give the highest conversion.  We began the 
screening with fac-Ir(ppy)3 (entry 1) and it formed a poor amount of desired product. However, we 
noticed that the majority of the mass balance appeared from propagation products (3a’ and 3a’’) that 
had formed the desired C–C bond. A minor amounts of radical termination products were observed (3' 
and 3''). More reducing catalyst fac-Ir(4′-tb-ppy)3 (entry 2) formed more propagation products (3a’ and 
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3a’’) when compared to fac-Ir(ppy)3. With less reducing Ir catalysts (entries 3, 4, 5 & 6), the reaction 
was slow and resulted similar product distribution as fac-Ir(ppy)3. Next, the reaction was carried out 
with more oxidizing heteroleptic Ir catalysts (entries 7, 8 & 9). More specifically, catalyst [Ir(2′,4′-dF-
5-CF3-ppy)2(4,4′-dtb-bpy)]PF6 (entry 8) formed desired product (38%) rather propagation products (3a’ 
and 3a’’) and termination products (3' and 3'') were just 1%. Though, the reaction did not go to 
completion, we were encouraged to use [Ir(2′,4′-dF-5-CF3-ppy)2(4,4′-dtb-bpy)]PF6 for further 
optimization. The reaction set up with Ru catalysts (entries 10, 11 & 12) resulted more propagation 
product and [Ru(bpy)3](PF6)2 (entry 13) did not show any reactivity. 
Table 4.3 Photocatalyst loading - Ir[dF(CF3)ppy]2(dtbbpy)PF6 (X mol%) 
 
The catalyst loading experiments revealed that higher concentration of the catalyst (table 4.3, entry 1) 
produced more desired product (52%). However, the starting material was not fully consumed. With a 
decrease in concentration of the catalyst, the amount of desired product significantly decreased with a 
concomitant increase in the amount of propagation product formed. These results suggest that desired 
product is formed as a result of the photocatalyst, while the formation of the oligiomers was less 
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dependent on the photocatalyst.  This would be consistent with a reaction that underwent a 
photocatalyzed termination step, but the by-product could propagate without the photocatalyst.  
Table 4.4 Acrylonitrile loading 
 
Acrylonitrile loading experiments demonstrated that the amount of desired product formation slightly 
increased with higher equivalent of acrylonitrile (table 4.4). The starting material was not fully 









Table 4.5 Optimization of solvent 
 
Pyridinium salt 1h is completely soluble in all the above solvents (table 4.5). The reaction carried out 
in DMSO, DMF, DMA, DCM, and MeOH formed more propagation products (3a’ and 3a’’). 




The reaction was slow at at 0 oC and formed only 25% of desired product (table 4.6, entry 1). At 
higher temperature (45 oC), it formed more propagation product and only 29% of desired product. 
Table 4.7 Optimization of amine 
 
The presence of the amine was required to carry out the reaction (table 4.7, entry 10). Among all the 
amines DIPEA formed the highest amount of desired product with better product distribution (entry 1). 
In the presence of NBu3, the reaction formed substantial amounts of an undesired compound derived 
from the addition of the amine to the nitrile, based on GCMS.  Presumably this is product arises via the 
C–H functionalization of the amine, but no attempt to further characterize the adduct was made.  Indeed, 
an analogous adduct was observed using DIPEA, but by comparison, the amount was substantially 
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diminished. In the optimization, it was observed that secondary amine reacted with acrylonitrile and 
formed an aza-Michael product rather than the desired product. 
Table 4.8 Optimization of DIPEA equivalent 
 
Next, the use of more amine in the reaction was investigated.  Indeed, moving from 2 equivalents to 4 
equivalents increased the conversion from 50% to 100% and the reaction time decreased from 46 h to 
16 h (table 4.8, entry 3, 5). The reaction formed 77% of desired product in the presence of 4 equivalents 








Table 4.9 Effect of water 
 
The inclusion of water improved the reaction rate and the product distribution significantly (table 4.9). 
However, adding 15 equivalents of H2O caused the reaction slow compared to in the presence of 10 or 












Table 4.10 Deuterium incorporation 
 
While the inclusion of 10 equivalents of H2O (table 4.10, entry 2) resulted 88% yield within 12 h, the 
addition of 10 equivalents of heavy water (entry 4) slowed the reaction (20 h), but resulted in a similar 
product distribution as the reaction with H2O. This demonstrates a substantial solvent isotope effect 
and partially affirmed the protic nature of the termination step. This will be discussed in detail in the 
reaction mechanism part. 
Having identified optimal conditions (entry 12 in table 4.1), we examined the scope of collidinium salts 
with acrylonitrile (scheme 4.6). Thus, a range of collidinium salts were prepared.  To our delight, the 
reaction worked well for benzylic collidinium salts with electron withdrawing - (3a, 3d, and 3f) neutral-
groups (3b, 3c, and 3g) and electron-donating (3i and 3j)- which would have been a challenging feat 
for the corresponding halides.  In addition, this strategy could be extended to sterically demanding, 
ortho flanked, benzylic substrates (3e and 3k) by use of the 4-methyl pyridine derived salts.  Apparently, 
the bulk of benzyl component, which made nucleophilic substitution more challenging, also served to 
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protect these salts from undergoing Minisci-type benzylation which we had observed earlier with less 
sterically demanding benzyl pyridinium salts. Furthermore, 4-methyl pyridinium salt of a secondary 
benzylic substrate (3l) also gave a good yield, highlighting the ability to rapidly alter the carbon 
framework of the substrates. The mild reaction conditions are compatible with a wide range of 
functional groups such as a nitrile (3f), ester (3d), ethers (3j) and bromides (3b and 3c).  Importantly, 
all of these substrates were engaged photocatalytically using the same conditions-a feat that would have 
been challenging using the corresponding halides given their range of reduction potentials. The 
collidinium salts offer some protection to otherwise sensitive heterocycles such as thiophene21 (3m) 
and naphthalene22 (3h), which might be expected to undergo radical addition upon themselves. We 
expect the broad functional group tolerance to facilitate further synthetic elaboration. 




The use of the bench stable, crystalline collidinium salts also facilitate workup of the reaction.  Simple 
extraction followed by acidic washes removes any excess DIPEA, collidine by-product, and any 
unreacted collidinium salts- though it was not typical to find any unconsumed starting material.  This 
is in stark contrast to the Katritzky salt that produces triphenyl pyridine which must be removed 
chromatographically.  Likewise, if the benzyl halide were used, any excess would also be expected to 
need to be removed from the organic extracts. 
Next, we examined the scope of the alkene receptor partner (scheme 4.7). A range of electron- deficient 
alkenes worked well in the reaction.  While the ester substituent of acrylates exhibited minimal 
influence (4a and 4b), alpha substitution (methacrylate 4c) was slightly more prone to propagation.  
Similarly, beta substitution (cinnamate, 4f) gave the product in modest yield.  
Scheme 4.7 Scope of acceptors  
 
Cyclic enones proved competent (4d, and 4e) giving the benzylated products in good yield after 
isolation.  Furthermore, with no further optimization unsaturated sulfones (4g), alkylidene 
malononitriles (4h) also proved reasonably competent.  Interestingly, the use of styrene was also 
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possible, though it resulted in the formation of higher order oligiomers which led to a more challenging 
isolation (4i). The broad substrate scope, i.e. both electronically activated and unactivated alkenes, 
suggests different reaction mechanisms may be operative across the scope. 
Turning to the mechanism, a Stern-Volmer analysis was performed using the photocatalyst 
Ir[dF(CF3)ppy]2(dtbbpy)PF6, collidinium salt 1h, and DIPEA (scheme 4.9C).  Rather than observing 
quenching by the collidinium salt, we observed enhanced fluorescence of the salt.  This is likely due to 
the anion metathesis that inevitably occurs upon addition which Yoon has shown can affect 
fluorescence of these types of photocatalysts.23 However, DIPEA did quench the photocatalyst, 
suggesting a reductive quenching pathway is operative.  
Our working understanding of the reaction (scheme 4.9A) begins with the irradiation of the 
photocatalyst Ir(III) to give an excited state catalyst Ir(III)* which is a strong oxidant (Ir*(III)/(Ir(II) = 
1.21 V vs SCE in CH3CN).24 This results in electron transfer from the tertiary amine to give Ir(II) and 
DIPEA-radical cation (DIPEA ~0.50 V).25 Next, the reducing Ir(II) (Ir(II/III) = -1.37 V vs SCE)24 is 
expected to undergo SET to the collidinium salt 1g, (E1/2 = estimated -1.27 V vs SCE in DMF)26 giving 
the collidinium radical, I, and completing cycle A. Subsequently, radical I undergoes unimolecular 
fragmentation27 to give collidine and benzylic radical, II. Addition of II to acrylonitrile generates radical 
intermediate III. HAT from the amine radical cation yields product (path a). However, several 
observations called this simple explanation into question, namely, the effect of photocatalyst loading 
on the product distribution (Table 4.1, entries 1, 5 and 6), and enhanced rate and selectivity upon 
addition of water (entry 12). We set up an experiment to observe a solvent kinetic isotope effect by 






Scheme 4.8 Deuterium incorporation experiment 
 
At 2 hours into the reaction, we found a solvent kinetic isotope effect of kH/kD = 2.0 (based on 1H NMR 
conversions). Furthermore, a deuterium incorporation experiment revealed that use of D2O resulted in 
only partial incorporation of the deuterium (30%) in the alpha position of the nitrile product. Given the 
O–H bond strength of water (118.8 kcal/mol)28 and the Calpha–H bond strength of the product (89.0 
kcal/mol),29 HAT from water is improbable.  However, protium incorporation (70%) in the presence of 
D2O, suggests that HAT (path a) is indeed occurring-the likely donor being the DIPEA radical cation.1c, 
30  The observed rate enhancement of the desired reaction upon inclusion of water may be due to a 
proton-coupled electron transfer (path B) that facilitates a reduction of the radical to carbanion IV 
(estimated reduction potential ~ -0.9- -1.1).31  Given that the photocatalyst concentration is expected to 
influence the lifetime of III, which may also undergo oligimerization, it is expected to impact product 






Scheme 4.8 Working mechanism 
 
The addition of KI to the reaction of 1h and acrylonitrile, was shown to significantly retard the rate of 
the reaction and decrease the yield, which is likely due to redox-active nature of iodide (I-/I2 = 0.4 V vs 
SCE in H2O)32 Consequently, an anion metathesis may be needed if iodides are used in the preparation 
of the collidinium salt. 
4.3 Summary 
We have demonstrated that the use of collidiniums salts are a viable strategy that can enable photoredox 
catalysis to engage previously sluggish, and unreactive alkyl halides in a mild and efficient manner.  
Practically speaking, we have shown that the collidinium salts are easy to make, handle, 
photochemically- and bench-stable, crystalline salts, which are redox active alternatives to alkyl 
Ir(III)*/Ir(II)= 1.21 V 
Ir(III)/Ir(II)= -1.37 V
DIPEA  Eox=  0.50 V




















salt 1h + PC
DIPEA + PC
(C) Fluorescence quenching 
(A) Working mechanism
(B) Redox potentials
(A) Our current understanding of the mechanism. (B) Literature redox values of
Ir[dF(CF3)ppy]2(dtbbpy)PF6. (C) Fluorescence quenching experiments of
Ir[dF(CF3)ppy]2(dtbbpy)PF6 [1.25 mM] using collidinium salt; [1h] = 25 mM, and amine; [DIPEA} =
25 mM. All spectra were recorded in MeCN in a 1 cm path quartz cuvette at 25 oC.
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halides.  Furthermore, all reaction components are water soluble which facilitates product isolation, and 
potentially allows their use in biological settings. 
4.4 Experimental section 
All reagents were obtained from commercial suppliers (Aldrich, VWR, TCI Chemicals, and Oakwood 
Chemicals) and used without further purification unless otherwise noted. Acetonitrile (CH3CN) was 
dried for 48 h over activated 3 Å molecular sieves.  Distilled diisopropylethylamine was stored over 
KOH pellets under an argon atmosphere in an amber bottle. 
Reactions were monitored by a combination of thin layer chromatography (TLC), (obtained from 
sorbent technologies Silica XHL TLC Plates, w/UV254, glass backed, 250 µm, 20 x 20 cm) and were 
visualized with ultraviolet light, potassium permanganate stain, GC-MS (QP 2010S, Shimadzu 
equipped with auto sampler), 19F NMR and 1H NMR (vide infra). Isolations were carried out using 
Teledyne Isco Combiflash Rf 200i flash chromatograph with Redisep Rf normal phase silica (4 g, 12 
g, 24 g, 40 g) with product detection at 254 and 288 nm and by ELSD (evaporative light scattering 
detection). NMR spectra were obtained on a 400 MHz Bruker Avance III spectrometer and Neo 600 
MHz.  1H, 19F and 13C NMR chemical shifts are reported in ppm relative to the residual protio solvent 
peak (1H, 13C). Mass spectra (HRMS) analysis was performed on LTQ-OrbitrapXL by Thermo 
Scientific ltd using a Heatedelectrospray ionization (H-ESI) source. 
Reactions were set up in a light bath which consists of high intensity Blue LEDs (λ max emission ~ 450 
nm) as described below.  Blue LEDs (200 LEDs) were wrapped around the inner walls of cylindrical 
metal container.  The lid which was placed on the top of bath made with holes such that reaction tubes 
were held firmly in the bath. Temperature of the bath was maintained at 26 oC using a cooling fan at 




Synthesis of substrates 
Synthesis of salts:  
1,4‐Diazabicyclo[2.2.2]octane (297 mg, 2.65 mmol, 1equiv) was dissolved in 
diethyl ether (10 mL). 1-(bromomethyl)-4-fluorobenzene (501 mg, 2.65 mmol, 
1 equiv) was added. After stirring the solution for 6 h at room temperature a 
white precipitate was formed. The precipitate was filtered off and washed thoroughly with hexane and 
diethyl ether and dried under reduced pressure to afford 1-(4-fluorobenzyl)-1,4-
diazabicyclo[2.2.2]octan-1-ium bromide (1a) in 90% yield after isolation (718 mg, 2.4 mmol) as a white 
solid.  
 
1-Methylimidazole (297 mg, 2.65 mmol, 1.1 equiv) was dissolved in 
acetonitrile (10 mL) and 1-(bromomethyl)-4-fluorobenzene (501 mg, 2.65 
mmol, 1equiv) was added. After refluxing the solution for 12 h, the solvent 
was removed under reduced pressure and the resulting oil was washed thoroughly with hexane and 
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diethyl ether and dried under reduced pressure to afford 3-(4-fluorobenzyl)-1-methyl-1H-imidazol-3-
ium bromide (1b) in 80% yield after isolation (575 mg, 2.1 mmol) as a colorless oil. NMR chemical 
shifts match with the literature values.32 
 
Triphenylphosphine (765 mg, 2.92 mmol, 1.1 equiv) was dissolved in 
acetonitrile (10 mL) and 1-(bromomethyl)-4-fluorobenzene (501 mg, 2.65 
mmol, 1 equiv) was added. After refluxing the solution for 12 h, the solvent was 
removed under reduced pressure and the resulting oil was washed thoroughly with hexane and diethyl 
ether and dried under reduced pressure to afford (4-fluorobenzyl)triphenylphosphonium bromide (1c)  
in 75% yield after isolation (896 mg, 2.0 mmol) as a colorless oil. NMR chemical shifts match with the 
literature values.33 
Synthesis of pyridinium salts:  
Pyridinium salts were prepared according to general procedure A 
General Procedure A 
 
Anhydrous pyridine (1.2- 1.5 equiv) was added to a solution of benzyl bromide or chloride (1 equiv) in 
dry acetonitrile (~0.5M). Some pyridinium salt syntheses were carried out at room temperature, or 
under reflux condition (85 0C).  The rest of the pyridinium salt syntheses were carried out in microwave 
reactor or in an oil bath at elevated temperatures using a pressure vial. The progress of the reaction was 
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monitored by TLC. After consumption of the starting material, the reaction mixture was allowed to 
cool to room temperature. Diethyl ether was then added to the reaction mixture and precipitated 
pyridinium salt was collected by filtration and washed thoroughly with hexane and diethyl ether and 
dried under reduced pressure. 
 
The general procedure A was followed using 1-(bromomethyl)-4-
fluorobenzene (1.00 g, 5.3 mmol, 1 equiv), pyridine (502 mg, 6.4 mmol, 1.2 
equiv) and 10 mL of MeCN and refluxed for 7 h to afford 1-(4-
fluorobenzyl)pyridin-1-ium bromide (1d)  in 95% yield after isolation (1.35 g, 5.0 mmol) as a solid. 
NMR chemical shifts match with the literature values 34   
 
The general procedure A was followed using 1-(bromomethyl)-4-
fluorobenzene (1.00 g, 5.3 mmol, 1equiv), 4-methylpyridine (595 mg, 6.4 
mmol, 1.2 equiv) and 10 mL of MeCN and refluxed for 7 h to afford 1-(4-
fluorobenzyl)-4-methylpyridin-1-ium bromide in (1e) 96% yield after isolation (1.44 g, 5.1 mmol) as a 
solid.   
 
The general procedure A was followed using 1-(bromomethyl)-4-
fluorobenzene (1.00 g, 5.3 mmol, 1equiv), 4-(tert-butyl)pyridine (864 mg, 
6.4 mmol, 1.2 equiv) and 10 mL of MeCN and refluxed for 5 h to afford 
4-(tert-butyl)-1-(4-fluorobenzyl)pyridin-1-ium bromide (1f) in 96% yield after isolation (1.65 g, 5.1 




The general procedure A was followed using 1-(bromomethyl)-4-
fluorobenzene (1.00 g, 5.3 mmol, 1 equiv), isonicotinonitrile (661 mg, 6.4 
mmol, 1.2 equiv) and 10 mL of MeCN and refluxed for 5 h to afford 4-
(tert-butyl)-1-(4-fluorobenzyl)pyridin-1-ium bromide (1g) in 90% yield after isolation (1.4 g, 4.8 
mmol) as a solid. 
 
The general procedure A was followed using 1-(bromomethyl)-4-
fluorobenzene (1.00 g, 5.3 mmol, 1equiv), 2,4,6-trimethylpyridine (968 mg, 
8.0 mmol, 1.5 equiv) and 10 mL of MeCN in pressure vial heated to 120 oC 
in an oil bath for 18 h to afford 1-(4-fluorobenzyl)-2,4,6-trimethylpyridin-1-
ium bromide (1h) in 88% yield after isolation (1.45 g, 4.7 mmol) as a solid.  
 
The general procedure A was followed using 1-bromo-4-
(bromomethyl)benzene (750 mg, 3.0 mmol, 1 equiv), 2,4,6-
trimethylpyridine (546 mg, 4.5 mmol, 1.5 equiv) and 5 mL of MeCN  in 
pressure vial heated to 120 oC in an oil bath for 18 h to afford 1-(4-bromobenzyl)-2,4,6-
trimethylpyridin-1-ium bromide (1i) in 86% yield after isolation (957 mg, 2.6 mmol) as a solid. 
 
The general procedure A was followed using 1-bromo-3-
(bromomethyl)benzene (750 mg, 3.0 mmol, 1 equiv), 2,4,6-
trimethylpyridine (546 mg, 4.5 mmol, 1.5 equiv) and 5 mL of MeCN in 
pressure vial heated to 150 oC in a microwave reactor 1.5 h to afford 1-(3-
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bromobenzyl)-2,4,6-trimethylpyridin-1-ium bromide (1j) in 88% yield after isolation (665 mg, 1.8 
mmol) as a solid. 
 
The general procedure A was followed using methyl 4-
(bromomethyl)benzoate (687 mg, 3.0 mmol, 1 equiv), 2,4,6-
trimethylpyridine (546 mg, 4.5 mmol, 1.5 equiv) and 5 mL of MeCN 
in a pressure vial heated to 150 oC in a microwave reactor for 1.5 h to 
afford 1-(4-(methoxycarbonyl)benzyl)-2,4,6-trimethylpyridin-1-ium bromide (1k)  in 70% yield after 
isolation (735 mg, 2.1 mmol) as a solid. 
 
The general procedure A was followed using 1-(chloromethyl)-2-fluorobenzene 
(434 mg, 3.0 mmol, 1equiv), 4-methylpyridine (419 mg, 4.5 mmol, 1.5 equiv) 
and 5 mL of MeCN in a flask and refluxed for 10 h to afford 1-(2-fluorobenzyl)-
4-methylpyridin-1-ium chloride (1l) in 80% yield after isolation (571 mg, 2.4 
mmol) as a solid. 
 
The general procedure A was followed using 4-(bromomethyl)benzonitrile 
(582 mg, 3.0 mmol, 1equiv), 2,4,6-trimethylpyridine (546 mg, 4.5 mmol, 
1.5 equiv) and 5 mL of MeCN in a pressure vial heated to 120 oC in an oil 
bath for 24 h to afford 1-(4-cyanobenzyl)-2,4,6-trimethylpyridin-1-ium 




The general procedure A was followed using (bromomethyl)benzene (513 mg, 
3.0 mmol, 1equiv), 2,4,6-trimethylpyridine (546 mg, 4.5 mmol, 1.5 equiv) and 
5 mL of MeCN in pressure vial heated to 150 oC in a microwave reactor for 2 h 
to afford 1-benzyl-2,4,6-trimethylpyridin-1-ium bromide (1n) in 83% yield after isolation (727 mg, 2.5 
mmol) as a solid. 
 
The general procedure A was followed using 2-
(bromomethyl)naphthalene (663 mg, 3.0 mmol, 1equiv), 2,4,6-
trimethylpyridine (546 mg, 4.5 mmol, 1.5 equiv) and 5 mL of MeCN in 
pressure vial heated to 150 oC in a microwave reactor for 1.5 h to afford 2,4,6-trimethyl-1-(naphthalen-
2-ylmethyl)pyridin-1-ium bromide (1o) in 60% yield after isolation (616 mg, 1.8 mmol) as a solid. 
 
The general procedure A was followed using 1-(chloromethyl)-4-
methylbenzene (422 mg, 3.0 mmol, 1equiv), 2,4,6-trimethylpyridine (546 
mg, 4.5 mmol, 1.5 equiv) and 5 mL of MeCN in pressure vial heated to 120 
oC oil bath for 24 h to afford 2,4,6-trimethyl-1-(4-methylbenzyl)pyridin-1-ium chloride (1p) in 50% 
yield after isolation (393 mg, 1.5 mmol) as a solid. 
 
The general procedure A was followed using 1-(chloromethyl)-4-
methoxybenzene (468 mg, 3.0 mmol, 1 equiv), 2,4,6-trimethylpyridine 
(546 mg, 4.5 mmol, 1.5 equiv) and 5 mL of MeCN in pressure vial heated 
to 120 oC in an oil bath for 24 h to afford 1-(4-methoxybenzyl)-2,4,6-trimethylpyridin-1-ium chloride 
(1q) in 60% yield after isolation (500 mg, 1.8 mmol) as a solid. 
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The general procedure A was followed using 2-(chloromethyl)-1,3,5-
trimethylbenzene (506 mg, 3.0 mmol, 1equiv), 4-methylpyridine (419 mg, 
4.5 mmol, 1.5 equiv) and 5 mL of MeCN and refluxed for 10 h to afford 4-
methyl-1-(2,4,6-trimethylbenzyl)pyridin-1-ium chloride (1r) in 80% yield 
after isolation (629 mg, 2.4 mmol) as a solid. 
 
The general procedure A was followed using (1-bromohexyl)benzene (723 
mg, 3.0 mmol, 1equiv), 4-methylpyridine (419 mg, 4.5 mmol, 1.5 equiv) and 
5 mL of MeCN in a flask at room temperature for 24 h to afford 4-methyl-1-
(1-phenylhexyl)pyridin-1-ium bromide (1s) in 70% yield after isolation (701 
mg, 2.1 mmol) as a solid. 
 
The general procedure A was followed using 2-(bromomethyl)thiophene (991 
mg, 5.6 mmol, 1equiv), 2,4,6-trimethylpyridine (1.02 g, 8.4 mmol, 1.5 equiv) 
and 5 mL of MeCN in a flask and refluxed for 10 h to afford 2,4,6-trimethyl-1-
(thiophen-2-ylmethyl)pyridin-1-ium bromide (1t) in 72% yield after isolation 













In addition to desired product (3a), it formed several undesired products in the reaction. Therefore, a 
more extensive study that included variations of several parameters and careful optimization was 

















































Optimization of solvent 
 




























Optimization of amine 
 
In the optimization it was observed that secondary amine reacts with acrylonitrile and formed an aza-
Michael product rather than the desired product. 
In the presence of NBu3, the reaction formed substantial amounts of an undesired compound derived 
from the addition of the amine to the nitrile, based on GCMS.  Presumably this is product arises via the 
C–H functionalization of the amine, but no attempt to further characterize the adduct was made.  Indeed, 












































































entry modification 3a-D %  a 
1 10 equiv H2O 9% 
2 10 equiv H2O, d-MeCN 11% 
3 10 equiv D2O 39% 
4 10 equiv D2O,  d-MeCN 41% 
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Determination of deuterium incorporation: 
The reaction was set up according to the general procedure. The reaction was monitored by 19F NMR.  
After the complete consumption of starting material (1h), the volatiles (MeCN, acrylonitrile and some 
DIPEA) were removed via rotovap and the residue was dissolved in ethyl acetate (6 mL) and washed 
with 1M aqueous HCl solution (3 x 2 mL) and brine solution (2 mL).  The organic layer was dried over 
anhydrous MgSO4 and concentrated in vacuo. From the concentrated crudes of entry 1,2,3, and 4 
reactions, GCMS samples were prepared with the same concentration and subjected to GCMS (SIM 
Mode).  
 
Total Ion Count (TIC) was measured for 163 (M+) and 164 (M+1) separately. Deuterium incorporated 
product % was calculated using following formula. 
3a-D % = TIC of (M+1)/ [TIC of (M+1) + TIC of (M+)] 
Deuterium incorporation experiments revealed that D2O resulted in partial incorporation of the 







1H NMR of the crude mixture of 3a-H/D has shown below.  The difference in the integration of the 



























kH/ kD was calculated based on 1H NMR conversions. 
All the reagents (DIPEA, MeCN) were dried. Then, they were used in the reaction. A 18×150 mm 
borosilicate tube fitted with a rubber septum was charged with a solution of [Ir(2′,4′-dF-5-CF3-
ppy)2(4,4′-dtbbpy)]PF6 (0.25 mM, 2.4 mL in MeCN), 1-(4-fluorobenzyl)-2,4,6-trimethylpyridin-1-ium 
bromide (1h)  (74.4 mg, 0.24 mmol), DIPEA (0.96 mmol, 124.0 mg 172.6 μL, 4 equiv), DI water (2.4 
mmol, 43.2 mg, 43.2 μL, 10 equiv), and acrylonitrile (0.96 mmol, 51 mg, 62.8 μL, 4 equiv). Then the 
reaction mixture was degassed via Ar bubbling for 15 min and then left under positive Ar pressure by 
removing the exit needle.  The tube was placed in a light bath (description above) which was maintained 
at 26 oC and the reaction was stirred. Reaction mixture (0.6 ml) was pulled out from the reaction tube 
for 1 h, 2 h, 4 h and 8 h time points. Each time point reaction mixture was monitored by 19F NMR. 
Then a carefull work up was carried out. The volatiles (MeCN, acrylonitrile and some DIPEA) were 
removed via rotovap and the residue was dissolved in ethyl acetate (3 mL) and washed with 1M aqueous 
entry time kH/ kD 
1 1 h Deuterium incorporation did not observed  
2 2 h 2.03 
3 4 h 1.97 
4 8 h 1.87 
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HCl solution (2 x 2 mL) and brine solution (2 mL).  The organic layer was dried over anhydrous MgSO4. 
The crude product was concentrated in vacuo and 1H NMR was taken with internal standard (1,2,3-
Trimethoxybenzene) to calculate deuterium incorporation. Then, kH/ kD was calculated for each time 
point. 
 
Quenching study on 1-(4-fluorobenzyl)-2,4,6-trimethylpyridin-1-ium bromide (1h) and DIPEA with 
catalyst [Ir(2′,4′-dF-5-CF3-ppy)2(4,4′-dtbbpy)]PF6  
2.5 μM solutions of catalyst [Ir(2′,4′-dF-5-CF3-ppy)2(4,4′-dtbbpy)]PF6 was prepared in acetonitrile. 50 
mM stock solutions of 1-(4-fluorobenzyl)-2,4,6-trimethylpyridin-1-ium bromide (1h) and DIPEA were 
prepared in acetonitrile. 50 mM stock solutions of 1-(4-fluorobenzyl)-2,4,6-trimethylpyridin-1-ium 
bromide (2 mL) was taken in a vial. 1 mL of this solution was transferred to the second vial and diluted 
with 1 mL of acetonitrile. 1 mL of this diluted solution was transferred to the third vial and this way a 
series of dilution was performed. Same dilution was carried out with DIPEA. After that 2.5 μM of 
catalyst (1 mL) solution was added to all the vials. The solution was mixed properly and the mixture 
was degassed via Ar bubbling for 5 min and then left under positive Ar pressure by removing the exit 
needle and fluorescence was measured. Catalyst was excited at 380 nm. The emission was observed at 







Rather than observing quenching by the collidinium salt, we observed enhanced fluorescence of the 
salt.  This is likely due to the anion metathesis that inevitably occurs upon addition which Yoon22 has 
shown can affect fluorescence of these types of photocatalysts. However, DIPEA did quench the 






























Collidinium salt 1h (25 mM) + PC
DIPEA (25 mM) + PC
Collidinium salt 1h (12.5 mM)+ PC
Fluorescence quenching experimental spectra recorded in MeCN in a 1 cm 
path quartz cuvettes at 25 oC 
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Effect of KI salt 
The addition of KI to the reaction of 1h and acrylonitrile, was shown to significantly retard the rate of 
the reaction and decrease the yield. 
 
 
entry modification time conv%a 3a%a  (3a’+3a’’)%a (3’+3’’)%a 
1 KI 26 h 80% 60% 19% 1% 
2 Control (no KI) 12 h 100% 88% 3% 9% 













Photocatalytic reactions:  




A NMR tube fitted with a rubber septum was charged with a solution of [Ir(2′,4′-dF-5-CF3-ppy)2(4,4′-
dtbbpy)]PF6 (0.25 mM, 1.2 mL in MeCN), benzylpyridinium bromide/ chloride (0.12 mmol, 1 equiv), 
DIPEA (0.48 mmol, 62.0 mg 83.6 μL, 4 equiv), DI water (1.2 mmol, 21.6 mg, 21.6 μL, 10 equiv) and 
acrylonitrile (0.48 mmol, 25.5 mg, 31.4 μL, 4 equiv). Then the reaction mixture was degassed via Ar 
bubbling for 10 min and then left under positive Ar pressure by removing the exit needle.  The tube 
was placed in a light bath (description above) which was maintained at 26 oC.  The reaction was 
monitored by 1H or 19F NMR.  After the complete consumption of benzylpyridinium bromide/ 
chloride, the volatiles (MeCN, acrylonitrile and some DIPEA) were removed via rotovap and the 
residue was dissolved in ethyl acetate (6 mL) and washed with 1M aqueous HCl solution (3 x 2 mL) 
and brine solution (2 mL).  The organic layer was dried over anhydrous MgSO4. The crude product was 







The general procedure B was followed using 1-(4-fluorobenzyl)-2,4,6-
trimethylpyridin-1-ium bromide (1h) (37.2 mg, 0.12 mmol), DIPEA (0.48 
mmol, 62.0 mg 83.6 μL, 4 equiv), DI water (1.2 mmol, 21.6 mg, 21.6 μL, 10 equiv), acrylonitrile (0.48 
mmol, 25.5 mg, 31.4 μL, 4 equiv) and 1.2 mL of stock solution of [Ir(2′,4′-dF-5-CF3-ppy)2(4,4′-
dtbbpy)]PF6 in MeCN. After the completion of the reaction 12 h, the crude was purified via automated 
flash chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 3.5% on a 4 g 
silica column to afford 3a in 84% yield (16 mg, 0.10 mmol) as an oil. NMR chemical shifts match with 
the literature values.35 1H NMR (400 MHz, CDCl3) δ 7.14 (dd, J = 8.4, 5.5 Hz, 2H), 6.99 (t, J = 8.7 Hz, 
2H), 2.76 (t, J = 7.5 Hz, 2H), 2.32 (t, J = 7.0 Hz, 2H), 1.96 (p, J = 7.2 Hz, 2H). 19F NMR (376 MHz, 
CDCl3) δ -116.5 – -116.6 (m). 13C NMR (101 MHz, CDCl3) δ 161.4 (d, J = 244.5 Hz), 135.1 (d, J = 3.2 
Hz), 129.6 (d, J = 7.9 Hz), 119.1, 115.2 (d, J = 21.2 Hz), 33.3, 26.8, 16.1. GC/MS (m/z, relative 
intensity) 163 (M+, 15), 122 (25), 109 (100). 
 
4-(4-bromophenyl)butanenitrile (3b) 
The general procedure B was followed using 1-(4-bromobenzyl)-2,4,6-
trimethylpyridin-1-ium bromide (1i) (44.5 mg, 0.12 mmol), DIPEA (0.48 
mmol, 62.0 mg 83.6 μL, 4 equiv), DI water (1.2 mmol, 21.6 mg, 21.6 μL, 10 equiv), acrylonitrile (0.48 
mmol, 25.5 mg, 31.4 μL, 4 equiv) and 1.2 mL of stock solution of [Ir(2′,4′-dF-5-CF3-ppy)2(4,4′-
dtbbpy)]PF6 in MeCN. After the completion of the reaction 12 h, the crude was purified via automated 
flash chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 2.8% on a 4 g 
silica column to afford 3b in 83% yield (22 mg, 0.10 mmol) as an oil. NMR chemical shifts match with 
the literature values.17 1H NMR (400 MHz, CDCl3) δ 7.43 (app.d, J = 8.4 Hz, 2H), 7.07 (app.d, J = 8.4 
Hz, 2H), 2.74 (t, J = 7.5 Hz, 2H), 2.32 (t, J = 7.0 Hz, 2H), 1.96 (p, J = 7.1 Hz, 2H). 13C NMR (101 
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MHz, CDCl3) δ 139.1, 132.2, 130.6, 120.8, 119.7, 34.2, 27.1, 16.8. GC/MS (m/z, relative intensity) 225 
(M+ 2, 30), 223 (M+, 30), 182 (30), 169 (100). 
 
4-(3-bromophenyl)butanenitrile (3c) 
The general procedure B was followed using 1-(3-bromobenzyl)-2,4,6-
trimethylpyridin-1-ium bromide (1j) (44.5 mg, 0.12 mmol), DIPEA (0.48 
mmol, 62.0 mg 83.6 μL, 4 equiv), DI water (1.2 mmol, 21.6 mg, 21.6 μL, 10 equiv), acrylonitrile (0.48 
mmol, 25.5 mg, 31.4 μL, 4 equiv) and 1.2 mL of stock solution of [Ir(2′,4′-dF-5-CF3-ppy)2(4,4′-
dtbbpy)]PF6 in MeCN. After the completion of the reaction 14 h, the crude was purified via automated 
flash chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 3% on a 4 g silica 
column to afford 3c in 71% yield (19 mg, 0.09 mmol) as an oil. 1H NMR (400 MHz, CDCl3) δ 7.39 – 
7.30 (m, 2H), 7.18 (t, J = 7.7 Hz, 1H), 7.12 (d, J = 7.7 Hz, 1H), 2.75 (t, J = 7.5 Hz, 2H), 2.33 (t, J = 7.1 
Hz, 2H), 1.97 (p, J = 7.1 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 142.1, 131.6, 130.4, 129.8, 127.3, 
122.8, 119.3, 34.1, 26.8, 16.5. GC/MS (m/z, relative intensity) 223 (M+, 50), 225 (M+ + 2, 50), 183 
(30), 169 (100). HRMS (ESI) calcd. for [C10H11BrN] + [M+H] + m/z, 224.0075 found 224.0078. 
 
methyl 4-(3-cyanopropyl)benzoate (3d) 
The general procedure B was followed using 1-(4-
(methoxycarbonyl)benzyl)-2,4,6-trimethylpyridin-1-ium bromide (1k)  
(42.0 mg, 0.12 mmol), DIPEA (0.48 mmol, 62.0 mg 83.6 μL, 4 equiv), DI water (1.2 mmol, 21.6 mg, 
21.6 μL, 10 equiv), acrylonitrile (0.48 mmol, 25.5 mg, 31.4 μL, 4 equiv) and 1.2 mL of stock solution 
of [Ir(2′,4′-dF-5-CF3-ppy)2(4,4′-dtbbpy)]PF6 in MeCN. After the completion of the reaction 13 h, the 
crude was purified via automated flash chromatography using EtOAc in hexanes (0% to 100%) with 
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product eluting at 10% on a 4 g silica column to afford 3d in 71% yield (17 mg, 0.09 mmol) as an oil. 
NMR chemical shifts match with the literature values.17 1H NMR (400 MHz, CDCl3) δ 7.99 (d, J = 8.2 
Hz, 2H), 7.26 (d, J = 8.2 Hz, 2H), 3.91 (s, 3H), 2.84 (t, J = 7.5 Hz, 2H), 2.34 (t, J = 7.0 Hz, 2H), 2.01 
(p, J = 7.1 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 167.0, 145.2, 130.2, 128.7, 128.6, 119.3, 52.2, 34.5, 
26.7, 16.6. GC/MS (m/z, relative intensity) 203 (M+, 20), 172 (100), 149 (30). 
 
4-(2-fluorophenyl)butanenitrile (3e) 
The general procedure B was followed using 1-(2-fluorobenzyl)-4-
methylpyridin-1-ium chloride (1l) (28.5 mg, 0.12 mmol), DIPEA (0.48 mmol, 
62.0 mg 83.6 μL, 4 equiv), DI water (1.2 mmol, 21.6 mg, 21.6 μL, 10 equiv), 
acrylonitrile (0.48 mmol, 25.5 mg, 31.4 μL, 4 equiv) and 1.2 mL of stock solution of [Ir(2′,4′-dF-5-
CF3-ppy)2(4,4′-dtbbpy)]PF6 in MeCN. After the completion of the reaction 15 h, the crude was purified 
via automated flash chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 3% 
on a 4 g silica column to afford 3e in 51% yield (10 mg, 0.06 mmol) as an oil. 1H NMR (400 MHz, 
CDCl3) δ 7.25 – 7.16 (m, 2H), 7.09 (td, J = 7.5, 1.1 Hz, 1H), 7.04 (t, J = 7.3 Hz, 1H), 2.81 (t, J = 7.4 
Hz, 2H), 2.35 (t, J = 7.2 Hz, 2H), 1.99 (p, J = 7.2 Hz, 2H). 19F NMR (376 MHz, CDCl3) δ -118.5 – -
118.6 (m). 13C NMR (101 MHz, CDCl3) δ 161.0 (d, J = 245.2 Hz), 130.6 (d, J = 4.8 Hz), 128.2 (d, J = 
8.1 Hz), 126.4 (d, J = 15.8 Hz), 124.1 (d, J = 3.6 Hz), 119.2, 115.3 (d, J = 22.0 Hz), 27.9, 25.5, 16.4. 
GC/MS (m/z, relative intensity) 163 (M+, 15), 123 (20), 109 (100). HRMS (ESI) calcd. for [C10H11FN] 







The general procedure B was followed using 1-(4-cyanobenzyl)-2,4,6-
trimethylpyridin-1-ium bromide (1m) (38.1 mg, 0.12 mmol), DIPEA (0.48 
mmol, 62.0 mg 83.6 μL, 4 equiv), DI water (1.2 mmol, 21.6 mg, 21.6 μL, 10 equiv), acrylonitrile (0.48 
mmol, 25.5 mg, 31.4 μL, 4 equiv) and 1.2 mL of stock solution of [Ir(2′,4′-dF-5-CF3-ppy)2(4,4′-
dtbbpy)]PF6 in MeCN. After the completion of the reaction 13 h, the crude was purified via automated 
flash chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 9.5% on a 4 g 
silica column to afford 3f in 70% yield (14 mg, 0.08 mmol) as an oil with minor contamination of 
DIPEA-acrylonitrile oligomer. Crude 1H NMR yield of the reaction is 64% with respect to an internal 
standard (1,2,3-Trimethoxybenzene).  NMR chemical shifts match with the literature values.17  1H 
NMR (400 MHz, CDCl3) δ 7.62 (d, J = 8.2 Hz, 2H), 7.31 (d, J = 8.2 Hz, 2H), 2.86 (t, J = 7.6 Hz, 2H), 
2.36 (t, J = 7.0 Hz, 2H), 2.00 (p, J = 7.1 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 145.4, 132.7, 129.4, 
119.1, 118.9, 110.8, 34.6, 26.5, 16.7. GC/MS (m/z, relative intensity) 170 (M+, 15), 130 (70), 116 (100). 
 
4-phenylbutanenitrile (3g) 
The general procedure B was followed using 1-benzyl-2,4,6-trimethylpyridin-1-
ium bromide (1n) (35.1 mg, 0.12 mmol), DIPEA (0.48 mmol, 62.0 mg 83.6 μL, 
4 equiv), DI water (1.2 mmol, 21.6 mg, 21.6 μL, 10 equiv), acrylonitrile (0.48 mmol, 25.5 mg, 31.4 μL, 
4 equiv) and 1.2 mL of stock solution of [Ir(2′,4′-dF-5-CF3-ppy)2(4,4′-dtbbpy)]PF6 in MeCN. After the 
completion of the reaction 13 h, the crude was purified via automated flash chromatography using 
EtOAc in hexanes (0% to 100%) with product eluting at 3% on a 4 g silica column to afford 3g in 81% 
yield (14 mg, 0.10 mmol) as an oil. NMR chemical shifts match with the literature values.17 1H NMR 
(400 MHz, CDCl3) δ 7.32 (t, J = 7.5 Hz, 2H), 7.24 (t, J = 7.4 Hz, 1H), 7.19 (d, J = 7.3 Hz, 2H), 2.79 (t, 
J = 7.4 Hz, 2H), 2.32 (t, J = 7.1 Hz, 2H), 1.99 (p, J = 7.2 Hz, 2H).13C NMR (101 MHz, CDCl3) δ 140.1, 
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The general procedure B was followed using 2,4,6-trimethyl-1-
(naphthalen-2-ylmethyl)pyridin-1-ium bromide (1o) (41.1 mg, 0.12 
mmol), DIPEA (0.48 mmol, 62.0 mg 83.6 μL, 4 equiv), DI water (1.2 mmol, 21.6 mg, 21.6 μL, 10 
equiv), acrylonitrile (0.48 mmol, 25.5 mg, 31.4 μL, 4 equiv) and 1.2 mL of stock solution of [Ir(2′,4′-
dF-5-CF3-ppy)2(4,4′-dtbbpy)]PF6 in MeCN. After the completion of the reaction 14 h, the crude was 
purified via automated flash chromatography using EtOAc in hexanes (0% to 100%) with product 
eluting at 2.5% on a 4 g silica column to afford 3h in 78% yield (18 mg, 0.09 mmol) as a solid. NMR 
chemical shifts match with the literature values.17 1H NMR (400 MHz, CDCl3) δ 7.86 – 7.78 (m, 3H), 
7.65 (s, 1H), 7.48 (dddd, J = 7.3, 5.8, 1.5 Hz, 2H), 7.32 (dd, J = 8.4, 1.7 Hz, 1H), 2.95 (t, J = 7.4 Hz, 
2H), 2.34 (t, J = 7.1 Hz, 2H), 2.07 (p, J = 7.1 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 137.5, 133.9, 
132.6, 128.8, 128.1, 127.9, 127.3, 127.2, 126.6, 126.0, 119.9, 34.9, 27.2, 16.8. GC/MS (m/z, relative 
intensity) 145 (M+, 15), 104 (15), 91 (100). 
 
4-(p-tolyl)butanenitrile (3i) 
The general procedure B was followed using 2,4,6-trimethyl-1-(4-
methylbenzyl)pyridin-1-ium chloride (1p) (31.4 mg, 0.12 mmol), DIPEA 
(0.48 mmol, 62.0 mg 83.6 μL, 4 equiv), DI water (1.2 mmol, 21.6 mg, 21.6 μL, 10 equiv), acrylonitrile 
(0.48 mmol, 25.5 mg, 31.4 μL, 4 equiv) and 1.2 mL of stock solution of [Ir(2′,4′-dF-5-CF3-ppy)2(4,4′-
dtbbpy)]PF6 in MeCN. After the completion of the reaction 15 h, the crude was purified via automated 
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flash chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 3% on a 4 g silica 
column to afford 3i in 80% yield (15 mg, 0.10 mmol) as an oil. NMR chemical shifts match with the 
literature values.35  1H NMR (400 MHz, CDCl3) δ 7.13 (d, J = 8.0 Hz, 2H), 7.08 (d, J = 8.1 Hz, 2H), 
2.74 (t, J = 7.4 Hz, 2H), 2.33 (s, 3H), 2.30 (t, J = 7.1 Hz, 2H), 1.96 (p, J = 7.2 Hz, 2H). 13C NMR (101 
MHz, CDCl3) δ 136.4, 135.9, 129.1, 128.1, 119.4, 33.8, 26.8, 20.8, 16.2. GC/MS (m/z, relative 
intensity) 159 (M+, 25), 118 (20), 105 (100). 
 
4-(4-methoxyphenyl)butanenitrile (3j) 
The general procedure B was followed using 1-(4-methoxybenzyl)-2,4,6-
trimethylpyridin-1-ium chloride (1q) (33.3 mg, 0.12 mmol), DIPEA (0.48 
mmol, 62.0 mg 83.6 μL, 4 equiv), DI water (1.2 mmol, 21.6 mg, 21.6 μL, 10 equiv), acrylonitrile (0.48 
mmol, 25.5 mg, 31.4 μL, 4 equiv) and 1.2 mL of stock solution of [Ir(2′,4′-dF-5-CF3-ppy)2(4,4′-
dtbbpy)]PF6 in MeCN. After the completion of the reaction 15 h, the crude was purified via automated 
flash chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 3% on a 4 g silica 
column to afford 3j in 79% yield (17 mg, 0.10 mmol) as an oil. NMR chemical shifts match with the 
literature values.35  1H NMR (400 MHz, CDCl3) δ 7.10 (d, J = 8.6 Hz, 2H), 6.85 (d, J = 8.6 Hz, 2H), 
3.79 (s, 3H), 2.72 (t, J = 7.4 Hz, 2H), 2.30 (t, J = 7.1 Hz, 2H), 1.95 (p, J = 7.2 Hz, 2H). 13C NMR (101 
MHz, CDCl3) δ 158.4, 131.8, 129.5, 119.7, 114.2, 55.4, 33.6, 27.3, 16.4. GC/MS (m/z, relative 
intensity) 175 (M+, 15), 121 (100), 91 (10). 
 
4-mesitylbutanenitrile (3k) 
The general procedure B was followed using 4-methyl-1-(2,4,6-
trimethylbenzyl)pyridin-1-ium chloride (1r) (31.4 mg, 0.12 mmol), DIPEA 
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(0.48 mmol, 62.0 mg 83.6 μL, 4 equiv), DI water (1.2 mmol, 21.6 mg, 21.6 μL, 10 equiv), acrylonitrile 
(0.48 mmol, 25.5 mg, 31.4 μL, 4 equiv) and 1.2 mL of stock solution of [Ir(2′,4′-dF-5-CF3-ppy)2(4,4′-
dtbbpy)]PF6 in MeCN. After the completion of the reaction 15 h, the crude was purified via automated 
flash chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 3% on a 4 g silica 
column to afford 3k in 65% yield (15 mg, 0.08 mmol) as an oil. NMR chemical shifts match with the 
literature values.17  1H NMR (400 MHz, CDCl3) δ 6.86 (s, 2H), 2.80 – 2.70 (m, 2H), 2.44 (t, J = 7.0 Hz, 
2H), 2.31 (s, 6H), 2.26 (s, 3H), 1.87 – 1.76 (m, 2H). 13C NMR (101 MHz, CDCl3) δ 136.1, 135.8, 133.9, 




The general procedure B was followed using 4-methyl-1-(1-
phenylhexyl)pyridin-1-ium bromide (1s) (40.1 mg, 0.12 mmol), DIPEA (0.48 
mmol, 62.0 mg 83.6 μL, 4 equiv), DI water (1.2 mmol, 21.6 mg, 21.6 μL, 10 
equiv), acrylonitrile (0.48 mmol, 25.5 mg, 31.4 μL, 4 equiv) and 1.2 mL of stock solution of [Ir(2′,4′-
dF-5-CF3-ppy)2(4,4′-dtbbpy)]PF6 in MeCN. After the completion of the reaction 15 h, the crude was 
purified via automated flash chromatography using EtOAc in hexanes (0% to 100%) with product 
eluting at 3.1% on a 4 g silica column to afford 3l in 73% yield (19 mg, 0.09 mmol) as an oil. 1H NMR 
(400 MHz, CDCl3) δ 7.32 (t, J = 7.4 Hz, 2H), 7.23 (td, J = 7.3, 6.4, 3.2 Hz, 1H), 7.15 (d, J = 7.4 Hz, 
2H), 2.65 (tq, J = 8.7, 4.1 Hz, 1H), 2.17 (pd, J = 9.8, 8.7, 4.8 Hz, 1H), 2.10 – 1.96 (m, 2H), 1.83 (ddt, 
J = 15.8, 10.5, 5.7 Hz, 1H), 1.61 (dt, J = 8.4, 4.9 Hz, 2H), 1.27 – 1.16 (m, 6H), 0.83 (t, J = 6.7 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 143.6, 129.2, 128.0, 127.2, 120.2, 45.4, 36.9, 32.7, 32.2, 27.5, 22.9, 
15.9, 14.5. GC/MS (m/z, relative intensity) 215 (M+, 10), 161 (15), 144 (50). HRMS (ESI) calcd. for 




The general procedure B was followed using 2,4,6-trimethyl-1-(thiophen-2-
ylmethyl)pyridin-1-ium bromide (1t) (36 mg, 0.12 mmol), DIPEA (0.48 mmol, 
62.0 mg 83.6 μL, 4 equiv), DI water (1.2 mmol, 21.6 mg, 21.6 μL, 10 equiv), acrylonitrile (0.48 mmol, 
25.5 mg, 31.4 μL, 4 equiv) and 1.2 mL of stock solution of [Ir(2′,4′-dF-5-CF3-ppy)2(4,4′-dtbbpy)]PF6 
in MeCN. After the completion of the reaction 14 h, the crude was purified via automated flash 
chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 3% on a 4 g silica 
column to afford 3m in 69% yield (17 mg, 0.08 mmol) as an oil. NMR chemical shifts match with the 
literature values.35  1H NMR (400 MHz, CDCl3) δ 7.17 (d, J = 5.1 Hz, 1H), 6.94 (dd, J = 5.0, 3.5 Hz, 
1H), 6.84 (d, J = 3.3 Hz, 1H), 3.01 (t, J = 7.2 Hz, 2H), 2.37 (t, J = 7.1 Hz, 2H), 2.03 (p, J = 7.1 Hz, 2H). 
13C NMR (101 MHz, CDCl3) δ 142.2, 127.2, 125.4, 124.0, 119.4, 28.6, 27.4, 16.4. GC/MS (m/z, relative 
intensity) 151 (M+, 20), 110 (10), 97 (100). 
 
Photocatalytic reaction in large scale 
                                                                                                                                                                        
A 18×150 mm borosilicate tube fitted with a rubber septum was charged 
with a solution of [Ir(2′,4′-dF-5-CF3-ppy)2(4,4′-dtbbpy)]PF6 (0.25 mM, 12 
mL in MeCN), 1-(4-fluorobenzyl)-2,4,6-trimethylpyridin-1-ium bromide (1h) (372 mg, 1.2 mmol), 
DIPEA (4.8 mmol, 620 mg 0.84 mL, 4 equiv), DI water (12 mmol, 216 mg, 0.22 mL, 10 equiv), 
acrylonitrile (4.8 mmol, 255 mg, 0.31 mL, 4 equiv). Then the reaction mixture was degassed via Ar 
bubbling for 30 min and then left under positive Ar pressure by removing the exit needle.  The tube 
was placed in a light bath (description above) which was maintained at 26 oC. The reaction was 
monitored by 19F NMR. After the complete consumption of starting material (1h), crude reaction 
showed 84% of 3a product according to 19F NMR and the volatiles (MeCN, acrylonitrile and some 
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DIPEA) were removed via rotovap and the residue was dissolved in ethyl acetate (40 mL) and washed 
with 1M aqueous HCl solution (3 x 20 mL) and brine solution (20 mL).  The organic layer was dried 
over anhydrous MgSO4. The crude product was concentrated in vacuo and purified via normal phase 
chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 4% on a 24 g silica 
column to afford 3a in 80% (156.5 mg, 0.96 mmol) as an oil. 
General procedure C 
 
 
A NMR tube fitted with a rubber septum was charged with [Ir(2′,4′-dF-5-CF3-ppy)2(4,4′-dtbbpy)]PF6 
(2-(2,4-difluorophenyl)-5-trifluoromethylpyridine 4,4′-di-tert-butyl-2,2′-bipyridine) (0.25 mM, 1.2 mL 
in MeCN), 1-(4-fluorobenzyl)-2,4,6-trimethylpyridin-1-ium bromide (1h) (37.2 mg, 0.12 mmol, 1 
equiv), DIPEA (0.48 mmol, 62.0 mg 83.6 μL, 4 equiv), DI water (1.2 mmol, 21.6 mg, 21.6 μL, 10 
equiv) and Michael acceptor (0.48 mmol, 25.5 mg, 31.4 μL, 4 equiv). Then the reaction mixture was 
degassed via Ar bubbling for 10 min and then left under positive Ar pressure by removing the exit 
needle.  The tube was placed in a light bath (description above) which was maintained at 26 oC.  The 
reaction was monitored by 19F NMR.  After the complete consumption of benzylpyridinium bromide, 
MeCN was removed via rotovap and the residue was dissolved in ethyl acetate (6 mL) and washed with 
1M aqueous HCl solution (3 x 2 mL) and brine solution (2 mL).  The organic layer was dried over 





ethyl 4-(4-fluorophenyl)butanoate (4b) 
The general procedure C was followed using 1-(4-fluorobenzyl)-2,4,6-
trimethylpyridin-1-ium bromide (1h) (37.2 mg, 0.12 mmol), DIPEA 
(0.48 mmol, 62.0 mg 83.6 μL, 4 equiv), DI water (1.2 mmol, 21.6 mg, 21.6 μL, 10 equiv), ethyl acrylate 
(0.48 mmol, 48.0 mg, 52.0 μL, 4 equiv) and 1.2 mL of stock solution of [Ir(2′,4′-dF-5-CF3-ppy)2(4,4′-
dtbbpy)]PF6 in MeCN. After the completion of the reaction 15 h, the crude was purified via automated 
flash chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 2.8% on a 4 g 
silica column to afford 4b in 75% yield (20.0 mg, 0.09 mmol) as an oil. NMR chemical shifts match 
with the literature values.36 1H NMR (400 MHz, CDCl3) δ 7.13 (dd, J = 8.5, 5.5 Hz, 2H), 7.01 – 6.91 
(m, 2H), 4.12 (q, J = 7.1 Hz, 2H), 2.62 (t, J = 7.6 Hz, 2H), 2.30 (t, J = 7.4 Hz, 2H), 1.93 (p, J = 7.5 Hz, 
2H), 1.25 (t, J = 7.1 Hz, 3H). 19F NMR (376 MHz, CDCl3) δ -117.5 – -117.6 (m). 13C NMR (101 MHz, 
CDCl3) δ 173.9, 161.8 (d, J = 243.5 Hz), 137.5 (d, J = 3.2 Hz), 130.3 (d, J = 7.8 Hz), 115.6 (d, J = 21.1 
Hz), 60.8, 34.8, 34.0, 27.1, 14.7. GC/MS (m/z, relative intensity) 210 (M+, 20), 165 (40), 109 (100). 
 
tert-butyl 4-(4-fluorophenyl)butanoate (4c) 
The general procedure C was followed using 1-(4-fluorobenzyl)-2,4,6-
trimethylpyridin-1-ium bromide (1h) (37.2 mg, 0.12 mmol), DIPEA 
(0.48 mmol, 62.0 mg 83.6 μL, 4 equiv), DI water (1.2 mmol, 21.6 mg, 21.6 μL, 10 equiv), tert-butyl 
acrylate (0.48 mmol, 62.0 mg, 70.0 μL, 4 equiv) and 1.2 mL of stock solution of [Ir(2′,4′-dF-5-CF3-
ppy)2(4,4′-dtbbpy)]PF6 in MeCN. After the completion of the reaction 15 h, the crude was purified via 
automated flash chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 2.5% 
on a 4 g silica column to afford 4c in 71% yield (20.3 mg, 0.09 mmol) as an oil. 1H NMR (400 MHz, 
CDCl3) δ 7.13 (dd, J = 8.5, 5.5 Hz, 2H), 7.00 – 6.91 (m, 2H), 2.61 (t, J = 7.5 Hz, 2H), 2.22 (t, J = 7.4 
Hz, 2H), 1.88 (p, J = 7.5 Hz, 2H), 1.45 (s, 9H). 19F NMR (376 MHz, CDCl3) δ -117.6 – -117.8 (m). 13C 
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NMR (101 MHz, CDCl3) δ 173.2, 161.8 (d, J = 243.4 Hz), 137.7 (d, J = 3.2 Hz), 130.3 (d, J = 7.8 Hz), 
115.5 (d, J = 21.0 Hz), 80.6, 35.2, 34.8, 28.6, 27.3. GC/MS (m/z, relative intensity) 182 (20), 122 (40), 
109 (40). The tert-butyl group was thermally removed upon injection in the GCMS.  HRMS (ESI) 
calcd. for [C14H20FO2]+ [M+H] + m/z, 239.1447 found 239.1450. 
 
tert-butyl 4-(4-fluorophenyl)-2-methylbutanoate (4d) 
The general procedure C was followed using 1-(4-fluorobenzyl)-2,4,6-
trimethylpyridin-1-ium bromide (1h) (37.2 mg, 0.12 mmol), DIPEA 
(0.48 mmol, 62.0 mg 83.6 μL, 4 equiv), DI water (1.2 mmol, 21.6 mg, 
21.6 μL, 10 equiv), tert-butyl methacrylate (0.48 mmol, 68.0 mg, 80.0 μL, 4 equiv) and 1.2 mL of stock 
solution of 0.5 mM [Ir(2′,4′-dF-5-CF3-ppy)2(4,4′-dtbbpy)]PF6 (double the normal concentration) in 
MeCN. After the completion of the reaction 15 h, the crude was purified via Prep TLC using EtOAc: 
hexanes (1:9) to afford 4d in 62% yield (18.8 mg, 0.07 mmol) as an oil. 1H NMR (400 MHz, CDCl3) δ 
7.12 (ddd, J = 8.4, 5.3, 2.5 Hz, 2H), 7.00 – 6.92 (m, 2H), 2.65 – 2.51 (m, 1H), 2.40 – 2.27 (m, 1H), 1.92 
(dddd, J = 13.6, 9.3, 8.2, 6.5 Hz, 1H), 1.63 (dddd, J = 13.4, 9.4, 6.9, 6.0 Hz, 1H), 1.46 (s, 9H), 1.14 (d, 
J = 7.0 Hz, 3H). 19F NMR (376 MHz, CDCl3) δ -117.7 – -117.9 (m). 13C NMR (101 MHz, CDCl3) δ 
176.0, 161.4 (d, J = 243.3 Hz), 137.7 (d, J = 3.2 Hz), 129.9 (d, J = 7.8 Hz), 115.2 (d, J = 21.1 Hz), 80.2, 
40.1, 35.9, 32.9, 28.3, 17.4. GC/MS (m/z, relative intensity) 196 (20), 179 (15), 109 (80). The tert-butyl 
group was thermally removed upon injection in the GCMS. HRMS (ESI) calcd. for [C15H22FO2]+ 







The general procedure C was followed using 1-(4-fluorobenzyl)-2,4,6-
trimethylpyridin-1-ium bromide (1h) (37.2 mg, 0.12 mmol), DIPEA (0.36 
mmol, 46.4 mg 62.8 μL, 3 equiv), DI water (1.2 mmol, 21.6 mg, 21.6 μL, 10 equiv), cyclopent-2-en-1-
one (0.48 mmol, 40.0 mg, 40.0 μL, 4 equiv) and 1.2 mL of stock solution of [Ir(2′,4′-dF-5-CF3-
ppy)2(4,4′-dtbbpy)]PF6 in MeCN. After the completion of the reaction 17 h, the crude was purified via 
automated flash chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 20% 
on a 4 g silica column to afford 4e in 50% yield (11.5 mg, 0.06 mmol) as an oil. 1H NMR (400 MHz, 
CDCl3) δ 7.12 (dd, J = 8.5, 5.5 Hz, 2H), 7.02 – 6.95 (m, 2H), 2.78 – 2.64 (m, 2H), 2.49 – 2.38 (m, 1H), 
2.38 – 2.25 (m, 2H), 2.20 – 2.14 (m, 1H), 2.14 – 2.05 (m, 1H), 1.89 (ddd, J = 18.1, 9.9, 1.4 Hz, 1H), 
1.68 – 1.52 (m, 1H). 19F NMR (376 MHz, CDCl3) δ -117.0 – -117.1 (m).13C NMR (101 MHz, CDCl3) 
δ 218.7, 161.3 (d, J = 244.1 Hz), 135.5 (d, J = 3.3 Hz), 129.9 (d, J = 7.8 Hz), 115.1 (d, J = 21.1 Hz), 
44.7, 40.5, 38.8, 38.1, 28.8. GC/MS (m/z, relative intensity) 192 (M+, 20), 135 (5), 109 (100). HRMS 
(ESI) calcd. for [C12H14FO]+ [M+H] + m/z, 193.1029 found 193.1031. 
 
3-(4-fluorobenzyl)cyclohexan-1-one (4f) 
The general procedure C was followed using 1-(4-fluorobenzyl)-2,4,6-
trimethylpyridin-1-ium bromide (1h) (37.2 mg, 0.12 mmol), DIPEA (0.36 
mmol, 46.4 mg 62.8 μL, 3 equiv), DI water (1.2 mmol, 21.6 mg, 21.6 μL, 10 equiv), cyclohex-2-en-1-
one (0.48 mmol, 46.0 mg, 48.0 μL, 4 equiv) and 1.2 mL of stock solution of [Ir(2′,4′-dF-5-CF3-
ppy)2(4,4′-dtbbpy)]PF6 in MeCN. After the completion of the reaction 17 h, the crude was purified via 
automated flash chromatography using EtOAc in hexanes (0% to 100%) with product eluting at 10% 
on a 4 g silica column to afford 4f in 57% yield (14.1 mg, 0.07 mmol) as an oil. 1H NMR (400 MHz, 
CDCl3) δ 7.08 (dd, J = 8.7, 3.1 Hz, 1H), 7.01 – 6.92 (m, 1H), 2.67 – 2.51 (m, 1H), 2.40 – 2.32 (m, 2H), 
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2.26 (td, J = 13.9, 13.2, 6.2 Hz, 1H), 2.09 – 1.97 (m, 3H), 1.90 – 1.81 (m, 1H), 1.69 – 1.59 (m, 1H), 
1.36 (qd, J = 13.7, 3.6 Hz, 1H). 19F NMR (376 MHz, CDCl3) δ -117.1 (tt, J = 8.7, 5.4 Hz). 19F NMR 
(376 MHz, CDCl3) δ -117.0 – -117.1 (m). 13C NMR (101 MHz, CDCl3) δ 211.3, 161.3 (d, J = 244.0 
Hz), 134.8 (d, J = 3.2 Hz), 130.2 (d, J = 7.8 Hz), 115.0 (d, J = 21.2 Hz), 47.5, 41.9, 41.2, 40.8 (d, J = 
0.9 Hz), 30.6, 24.9. GC/MS (m/z, relative intensity) 206 (M+, 15), 148 (90), 109 (70). HRMS (ESI) 
calcd. for [C13H16FO]+ [M+H]+ m/z, 207.1185 found 207.1187. 
 
ethyl 4-(4-fluorophenyl)-3-phenylbutanoate (4g) 
The general procedure C was followed using 1-(4-fluorobenzyl)-2,4,6-
trimethylpyridin-1-ium bromide (1h) (37.2 mg, 0.12 mmol), DIPEA (0.36 
mmol, 46.4 mg 62.8 μL, 3 equiv), DI water (1.2 mmol, 21.6 mg, 21.6 μL, 
10 equiv), ethyl cinnamate (0.48 mmol, 84.5 mg, 80.0 μL, 4 equiv) and 
1.2 mL of stock solution of [Ir(2′,4′-dF-5-CF3-ppy)2(4,4′-dtbbpy)]PF6 in MeCN. After the completion 
of the reaction 19 h, the crude was purified via automated flash chromatography using EtOAc in 
hexanes (0% to 100%) with product eluting at 5% on a 4 g silica column to afford 3s as a mixture with 
hydrogenated ethyl cinnamate (SM) as an oil. 19F NMR yield of the reaction is 55% with respect to an 
internal standard (fluorobenzene). 1H NMR (400 MHz, CDCl3) of the mixture δ 7.32 – 7.23 (m, 5H), 
7.10 (dd, J = 8.4, 5.5 Hz, 2H), 6.94 (t, J = 8.7 Hz, 2H), 3.94 (q, J = 7.1 Hz, 2H), 3.01 – 2.85 (m, 3H), 
2.82 – 2.71 (m, 2H), 1.00 (t, J = 7.1 Hz, 3H). 19F NMR (376 MHz, CDCl3) of the mixture δ -117.1 – -
117.3 (m). 13C NMR (101 MHz, CDCl3) of the mixture δ 174.8, 173.1, 161.7 (d, J = 244.2 Hz), 140.7, 
139.1, 134.9 (d, J = 3.2 Hz), 130.4 (d, J = 7.9 Hz), 129.0, 128.6, 128.5, 128.4, 126.6, 126.4, 115.3 (d, 
J = 21.2 Hz), 60.6, 60.4, 49.9, 38.5, 37.5, 36.1, 31.1, 14.4, 14.2. GC/MS (m/z, relative intensity) 178 





The general procedure C was followed using 1-(4-fluorobenzyl)-2,4,6-
trimethylpyridin-1-ium bromide (37.2 mg, 0.12 mmol), DIPEA (0.36 
mmol, 46.4 mg 62.8 μL, 3 equiv), DI water (1.2 mmol, 21.6 mg, 21.6 μL, 
10 equiv), prop-1-en-2-ylbenzene (0.48 mmol, 46.8 mg, 37.0 μL, 4 equiv) and 1.2 mL of stock solution 
of [Ir(2′,4′-dF-5-CF3-ppy)2(4,4′-dtbbpy)]PF6 in MeCN. After the completion of the reaction 19 h, the 
crude was purified via a Prep TLC using hexanes (100%) to afford 4i in 46% yield (12.6 mg, 0.06 
mmol) as an oil. 1H NMR (400 MHz, CDCl3) δ 7.25 – 7.15 (m, 3H), 7.06 (d, J = 7.1 Hz, 1H), 7.00 
(ddd, J = 9.1, 5.6, 3.9 Hz, 2H), 6.92 (td, J = 8.7, 1.3 Hz, 3H), 2.41 – 2.24 (m, 3H), 2.14 – 2.02 (m, 1H), 
1.94 – 1.77 (m, 1H), 1.37 (d, J = 29.0 Hz, 3H). 19F NMR (376 MHz, CDCl3) δ -118.0 – -118.1 (m). 13C 
NMR (101 MHz, CDCl3) δ 161.6 (d, J = 243.1 Hz), 143.7, 139.4, 130.0 (d, J = 7.7 Hz), 129.9, 127.3 
(d, J = 15.7 Hz), 126.2, 115.5 (d, J = 21.9 Hz), 48.5, 38.1, 30.2, 22.0. GC/MS (m/z, relative intensity) 
227 (10), 149 (5), 109 (100). 
Following acceptors were also tried in the reaction. However, they did not work well. 
1-fluoro-4-(2-phenyl-3-(phenylsulfonyl)propyl)benzene (4h) 
The general procedure C was followed using 1-(4-fluorobenzyl)-2,4,6-
trimethylpyridin-1-ium bromide (1h) (37.2 mg, 0.12 mmol), DIPEA (0.36 
mmol, 46.4 mg 62.8 μL, 3 equiv), DI water (1.2 mmol, 21.6 mg, 21.6 μL, 
10 equiv), (E)-(2-(phenylsulfonyl)vinyl)benzene (0.48 mmol, 107.6 mg, 4 
equiv) and 1.2 mL of stock solution of [Ir(2′,4′-dF-5-CF3-ppy)2(4,4′-dtbbpy)]PF6 in MeCN. After the 
completion of the reaction 20 h, the crude was purified via automated flash chromatography using 
EtOAc in hexanes (0% to 100%) with product eluting at 5% on a 4 g silica column to afford in 63% 
yield (27 mg) as an oil with a mixture of hydrogenated (E)-(2-(phenylsulfonyl)vinyl)benzene 
impurities. 1H NMR (400 MHz, CD2Cl2) δ 7.94 – 7.90 (m, 1H), 7.68 (d, J = 7.7 Hz, 2H), 7.63 – 7.54 
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(m, 2H), 7.43 (t, J = 7.8 Hz, 1H), 7.29 – 7.24 (m, 2H), 7.13 (t, J = 5.6 Hz, 3H), 6.95 – 6.92 (m, 1H), 
6.90 – 6.85 (m, 2H), 3.48 (dd, J = 12.0, 6.5 Hz, 1H), 3.44 – 3.32 (m, 2H), 3.07 (dd, J = 13.8, 6.2 Hz, 
1H), 3.04 – 2.97 (m, 1H). 19F NMR (376 MHz, CD2Cl2) δ -117.4 (tt, J = 8.8, 5.8 Hz). 13C NMR (101 
MHz, CD2Cl2) δ 162.1 (d, J = 245.2 Hz), 134.1 (d, J = 36.2 Hz), 131.2 (d, J = 7.8 Hz), 129.9, 129.7, 
129.3, 129.0, 128.8, 128.6, 128.3, 128.2, 115.5 (d, J = 21.3 Hz), 61.1, 57.9, 43.2, 42.6, 30.3, 29.3. 
GC/MS (m/z, relative intensity) 245(1), 212 (20), 109 (100). HRMS (ESI) calcd. for [C21H20FO2S]+ 
[M+H]+ m/z, 355.1168 found 355.1921. 
 
2-(2-(4-fluorophenyl)-1-phenylethyl)malononitrile 
The general procedure C was followed using 1-(4-fluorobenzyl)-2,4,6-
trimethylpyridin-1-ium bromide (1h) (37.2 mg, 0.12 mmol), DIPEA (0.36 
mmol, 46.4 mg 62.8 μL, 3 equiv), DI water (1.2 mmol, 21.6 mg, 21.6 μL, 10 
equiv), 2-benzylidenemalononitrile (0.48 mmol, 74.0 mg, 4 equiv) and 1.2 mL 
of stock solution of [Ir(2′,4′-dF-5-CF3-ppy)2(4,4′-dtbbpy)]PF6 in MeCN. After the completion of the 
reaction 20 h, the crude was purified via automated flash chromatography using EtOAc in hexanes (0% 
to 100%) with product eluting at 3% on a 4 g silica column to afford with other product (22 mg) as an 
oil. 19F NMR chemical shifts match with the literature values.37  19F NMR yield of the reaction is 
4%.1H NMR (400 MHz, CD2Cl2) δ 7.39 – 7.30 (m, 9H), 7.09 (t, J = 8.7 Hz, 2H), 7.01 – 6.95 (m, 2H), 
6.90 – 6.82 (m, 2H), 3.56 (d, J = 11.0 Hz, 1H), 3.37 (q, J = 12.8, 12.2 Hz, 2H), 3.07 (d, J = 13.9 Hz, 
1H), 2.83 (d, J = 13.9 Hz, 1H). 19F NMR (376 MHz, CD2Cl2) δ -113.8 – -114.0 (m). 13C NMR (101 
MHz, CD2Cl2) δ 163.6 (d, J = 247.4 Hz), 135.4, 133.7, 132.6 (d, J = 8.3 Hz), 131.1 (d, J = 7.9 Hz), 
129.7, 129.6, 128.1, 127.9, 116.4, 116.2, 116.0, 115.7 (d, J = 21.3 Hz), 114.9, 46.0, 42.1, 38.3, 30.3. 
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Intersystem crossing (ISC) 
Metal Ligand Charge Transfer (MLCT)  
Single Electron Transfer (SET)  
Ultraviolet (UV) 
Lowest unoccupied molecular orbital (LUMO) 
Hydrogen atom transfer (HAT)   
Electron Donor-Acceptor (EDA) 
Trimethylamine (TEA, Et3N)  
Tributylamine (Bu3N) 
Di-isoprpylethylamine (DIPEA)  
Dichloromethane (DCM)  
Acetonitrile (MeCN)  
Methanol (MeOH)  
N, N-Dimethylformamide (DMF)  
Dimethyl sulfoxide (DMSO) 
Dimethylacetamide (DMA) 
Tetrahydrofuran (THF)  
Thin layer chromatography (TLC) 
1,8-Diazabicyclo[5.4.0]undec-7-ene (DBU)  
1,4-Diazabicyclo[2.2.2]octane (DABCO) 
Phenyl (Ph)   
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Benzyl (Bn)  
Methyl (Me)   
Starting material (SM)   
Pdt (product) 
PC (photocatalyst) 
rt (room temperature) 
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